
11 
 

Abstracts for Poster Viewing
 

Poster Number   Topic 

101‐107  Cell Signaling 

108‐124  DNA Repair 

125‐135  How to Choose Biomarker 

136‐142  Hypoxia/Microenvironment 

143‐144  Stem Cells 

101 Caloric Restriction Induces Changes In microRNA Expression That Can Be Exploited for Therapeutic Benefit 
N. L. Simone1,2, A. Saleh2, J. Savage2, C. Harris2, J. B. Mitchell2, 1Thomas Jefferson University & Hospitals, Philadelphia, PA, 2National Cancer 
Institute, Bethesda, MD 

The anti-cancer effect of caloric restriction (CR) is thought to involve down-regulation of PI3k/AKT, a pro-proliferation pathway that is often up 
regulated in tumor cells, via repression of insulin/IGF-1 signaling. Several microRNAs are involved in both tumor suppression and oncogenesis. 
In this study we sought to determine if microRNAs play a role in the anticancer effects of CR. To determine this we performed microRNA arrays 
on total RNA from ad libitum fed, CR, or 24-hour fasted C57b/J mice. We assessed liver and brain tissues since these are known to have great 
alterations with caloric restriction and we also assessed breast tissue for which there is little data with dietary alteration. Our results show that 
both caloric restriction and fasting alters the expression of several cancer relevant microRNAs all of the tissues analyzed. A reduction of the miR-
200 and mir-17-92 cluster of miRNAs was noted and these miR’s are known to be upregulated in many cancers. Conversely, increases in the mir-
29 and mir-30 families of miRNAs were noted which are noted to be downregulated in many cancers. mir-29 is known to target p85 protein of 
PI3K which would also reduce AKT signaling. In addition, mir-29 and mir-30 are predicted to target IGF-1 and IGF-1R respectively. Analyses of 
protein and mRNA levels confirm that IGF-1 and IGF-1 R are down regulated by CR and fasting. Cell culture studies are ongoing to show direct 
targeting of these transcripts by mir-29 and mir-30. This study shows that microRNAs are involved in the potential benefits of caloric restriction 
and show a general role for regulation of insulin related signaling by mir-29 and mir-30 which may be provide a target that can be exploited for 
therapeutic benefit. 
Author Disclosure Block:   N.L. Simone: None. A. Saleh: None. J. Savage: None. C. Harris: None. J.B. Mitchell: None. 

102 Inhibition of Cyclin D1/Cdk4 Sensitizes Triple Negative Breast Cancer Cells to Radiation. 
X. Zeng, S. Tucker Kahn, S. Zaky, T. Liu, R. O'Regan, H. I. Saavedra, Emory University School of Medicine, Atlanta, GA 

Triple-negative (TN) breast cancers are often associated with a worse prognosis despite receiving standard standard of care treatment. Thus, one 
of the most pressing issues in breast cancer research is to understand the molecular basis for the inherent resistance of TN cells to chemotherapy 
and radiation treatments. The literature shows that de-regulation of the G1 phase Cdks -Cdk2 and Cdk4- may contribute to poor breast cancer 
patient prognosis, as well as to resistance to standard treatments of care. Because direct evidence showing that Cdk2 and Cdk4 impart 
radioresistance to TN breast cancer cells is lacking, we postulated the hypothesis that those Cdks are critical mediators of radioresistance in TN 
cell lines. In this study, three TN breast cancer cell lines (HCC1806, MB231, and MB468) and a normal human mammary epithelial cell line 
(MCF10a) were analyzed. Western blots were used to screen the expression of cell cycle regulatory molecules that impinge on Cdk2 and Cdk4 
activities, including the inhibitors p21 and p27, and the activators cyclins E, A, and D. We obtained the following results: While most of the cell 
lines expressed cyclin A upon irradiation or adriamycin treatments, cyclin D was upregulated in the TN cells independently of treatment. 
Likewise, while p27 levels were constant in all cell lines regardless of treatment, p21 levels were induced. To address whether and how inhibition 
of Cdk2 and Cdk4 modulate radio-resistance, we generated cell lines stably expressing small hairpin RNAs (shRNA) targeting Cdk2 or Cdk4 to 
silence their expression. Colony-forming assays showed that only TN cell lines with Cdk4 knock down irradiated once at 1, 2, 4, 6, or 8 Gy 
displayed radiation sensitivity relative to TN cell lines expressing control lentiviral constructs, or those downregulated for Cdk2. To characterize 
which abnormal phenotypes are drivers of radioresistance, we evaluated cell apoptosis, DNA-damage repair, proliferation and cell-cycle 
distribution after irradiating cells at 2 Gy. Our data showed that silencing Cdk4 significantly increases radiation-induced cell apoptosis, DNA 
breakage and micronuclei in all TN cell lines without significantly altering cell proliferation, DNA repair kinetics, or cell-cycle progression. 
Thus, the Cdk4-specific inhibitors currently in pre-clinical trials are potential therapeutic tools to impart radiosensitivity to TN breast cancer cells. 
Author Disclosure Block:   X. Zeng: None. S. Tucker Kahn: None. S. Zaky: None. T. Liu: None. R. O'Regan: None. H.I. Saavedra: None. 
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103 Imatinib Inhibits Radiation-induced Skin Fibrosis 
J. A. Horton1, A. White1, A. Sowers2, A. Thetford2, J. B. Mitchell2, D. E. Citrin1, 1National Cancer Institute, Radiation Oncology Branch, 
Bethesda, MD, 2National Cancer Institute, Radiation Biology Branch, Bethesda, MD 

Purpose/Objective(s):Skin fibrosis is a chronic adverse event associated with external beam radiotherapy. Transforming growth factor beta 
(TGF-β) pathway signaling is a major component of the fibrotic process. The contribution of other transduction mechanisms in this context is less 
clear. Recent evidence suggests that signaling via the Platelet Derived Growth Factor Receptor (PDGFR) may be an etiologic factor in radiation-
induced fibrosis. It has been proposed that pharmacologic inhibition of this pathway of may abrogate the development of fibrosis in irradiated 
tissues. Here, we tested the hypothesis that Imatinib, a clinically available inhibitor of the tyrosine kinases PDGFR, c-kit and Abl, would reduce 
the severity of skin fibrosis in a well established murine model. Materials/Methods: Using a custom Lucite jig, the right hind limb of n=20 
female C3H/HeN mice were exposed to a single 35 Gy fraction of 350kVp xrays. Lead shielding was used to protect the remainder of the body 
including the contralateral limb, which was used as an internal control. Following irradiation, n=10 mice were fed chow formulated with 0.5mg/g 
Imatinib (Bioserv); n=10 controls were maintained on similarly formulated chow without imatinib. Skin contracture was measured as a difference 
in limb length at 60, 90, 122, 150 days following irradiation. Relative to the non-irradiated limb, treatment with 35Gy x-rays resulted in 
progressive shortening of the hind limb in all mice.  Results: Imatinib-fed mice showed significantly reduced skin contracture at 150 days 
(p≤0.05) compared to control chow-fed mice. In a duplicate experiment, 3 mice per group were euthanized at intermediate time points. Full-
thickness skin samples were collected, fixed in formalin and processed for histology. In comparison to control mice, Imatinib-fed mice displayed 
a reduction in the characteristic findings of radiation injured skin including: epidermal hyperplasia, interface dermatitis, basal vacuolar damage, 
loss of dermal papillae, and hyperkeratosis. Radiation-induced thickening of the dermis and epidermis was significantly reduced in Imatinib fed 
mice at the 150 day timepoint (p≤0.05). Immunohistochemical studies demonstrated substantial reductions in PDGFR-β phosphorylation as well 
as reduced TGFβ expression in irradiated skin of Imatinib treated mice. This finding suggests a cross-talk mechanism between these pathways is 
involved in the fibrotic process. Imatinib treatment did not completely abolish radiation-induced skin fibrosis in this model. However significant 
improvements were associated with Imatinib treatment, demonstrating that PDFG-R and c-Abl signaling may mediate the fibrotic process by 
modulating TGFβ expression.  Conclusions:  These data suggest that strategies targeting PDGFRβ may be useful mitigants of radiation-induced 
fibrosis. 
Author Disclosure Block:  J.A. Horton: None. A. White: None. A. Sowers: None. A. Thetford: None. J.B. Mitchell: None. D.E. Citrin: 
None. 

104 Interaction of Sirtuin 2 and Beta-Catenin in Mouse Embryonic Fibroblasts is Increased Following Exposure to Ionizing 
Radiation and Increases Radiosensitivity In Vitro 
P. Nguyen1, S. Lee2, J. Trepel2, D. Lorang-Leins1, D. K. Smart1, 1Radiation Oncology Branch, National Cancer Institute, Bethesda, MD, 2Medical 
Oncology Branch, National Cancer Institute, Bethesda, MD 

Purpose/Objective(s):  The Wnt signaling pathway is crucial to multiple cellular signaling pathways, cell division, and cell stress and 
degradation. Aberrations in the Wnt signaling pathway have been demonstrated in cancer stem cells of tissues such as skin, intestine and 
mammary gland, and are believed to contribute to cellular mechanisms of radioresistance to ionizing radiation (IR) in those tumors. Sirtuins are a 
class of proteins which are Class III histone deacetylases, and have been found to mediate mitochondrial signaling and post-translational 
modification, as well as purported roles in cellular aging, carcinogenesis, angiogenesis, and neurodegeneration. Therefore, we sought to 
determine if Sirtuin 2 (SIRT2), the predominent sirtuin isoform expressed in the central nervous system, directly interacts with beta-catenin, alters 
the expression of Wnt target genes, and alters the radiation response of untransformed cells in vitro.  Materials/Methods:  Primary cultures of 
mouse embryonic fibroblasts (MEFs) were derived from wild-type and knockout SIRT2 animals. Total cell lysates were obtained 24 hours 
following exposure to 0 Gy (sham-irradiation), 5 Gy, and 10 Gy, and were analyzed by immunoblot and immunopreciptitation.  Results: 
These data demonstrate a direct interaction between SIRT2 and beta-catenin, as well as an increased interaction following exposure to IR. 
Clonogenic survival assay demonstrates increased radiosensitivity of SIRT2 wild-type cells relative to knockout cells. Additionally, immunoblot 
and real-time PCR analysis demonstrates increased expression of Wnt target genes (c-Myc, survivin, and Cyclin D1) in the relatively 
radioresistant Sirt2 knockout cells. Alterations in further downstream effectors in the Wnt pathway, such as E-cadherin, are demonstrated by 
immunoblot analysis. Finally, functional differences in the MEFs are demonstrated using migration activity assays and reveal a dependence on 
the presence or absence of SIRT2.  Conclusions:  Taken together, these data suggest that SIRT2 may be an important mediator of radiation 
sensitivity in normal tissues, and can affect cellular function in response to IR exposure via downstream mediators of the Wnt signaling pathway. 
Author Disclosure Block:   P. Nguyen: None. S. Lee: None. J. Trepel: None. D. Lorang-Leins: None. D.K. Smart: None. 
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105 Allelic Loss of the Stem Cell Associated Transcription Factor Gene NKX3.1 in Pre-Treatment Biopsies Is An Adverse 
Prognostic Factor In Intermediate-risk Prostate Cancer   
J. A. Locke1,2, G. Zafarana1,2, A. S. Ishkanian1,2, M. Milosevic1,2, J. Thoms1,2, C. A. Malloff3, W. L. Lam3, M. Pintilie4, T. van der Kwast4, R. G. 
Bristow1,2, 1Department of Radiation Oncology Medical Biophysics, University of Toronto, Toronto, ON, Canada, 2Radiation Medicine Program, 
Princess Margaret Hospital- University Health Network, Toronto, ON, Canada, 3Department of Cancer Genetics and Developmental Biology, 
British Columbia Cancer Research Centre, Vancouver, BC, Canada, 4Laboratory Medicine and Pathology and BioStatistics, University of 
Toronto, Toronto, ON, Canada 

Purpose/Objectives: Intermediate-risk prostate cancer is a challenge for oncologists due to its variability in disease outcome. Despite the use of 
PSA, Gleason-score, and T-category as prognosticators, up to 40% of patients will fail local treatment options. Additional prognosticators are 
needed to further sub-group these patients into those who solely require local therapy from those who require further intensification of local 
therapy with combinations of surgery and radiation therapy, or novel targeted therapeutics in combination with radiation. The c-MYC and NKX3.1 
transcription factors have been implicated in stem cell renewal, DNA damage response and are known to cooperate in animal models to drive 
prostate cancer progression and aggression. We hypothesize that copy number alterations in c-MYC and NKX3.1 may provide additional 
prognostic value to PSA, Gleason-score and T-category in intermediate-risk disease.  Material/Methods: Using high resolution array CGH, we 
profiled the copy number alterations in tumor DNA from frozen diagnostic biopsies derived from 116 intermediate-risk patients who underwent 
modern-era, image-guided radiotherapy with FISH validation on select samples.  Results: We demonstrate that copy number gains in c-MYC and 
losses in NKX3.1 are associated with increased genomic instability (e.g. increased percent genome alteration). In a multivariate analysis adjusting 
for clinical prognosticators, we found that NKX3.1 loss alone was prognostic for biochemical relapse (HR=2.94, 95% CI: 1.19-7.26, p=0.019), 
and when combined with c-MYC gain (HR=4.32, 95% CI 1.36-13.71, p=0.013). Of interest, decreased NKX3.1 expression correlated with 
relative intrinsic radiosensitivity in a series of prostate cancer cell lines.  Conclusion: Given that the array CGH analysis was completed on 
diagnostic biopsy material, our results support the use of genomic prognosticators such as NKX3.1 and c-MYC in diagnostic biopsies for 
personalized medicine in prostate cancer risk assessment and management. 
Author Disclosure Block:   J.A. Locke: None. G. Zafarana: None. A.S. Ishkanian: None. M. Milosevic: None. J. Thoms: None. C.A. 
Malloff: None. W.L. Lam: None. M. Pintilie: None. T. van der Kwast: None. R.G. Bristow: None. 

106 Targeting Egfr/her-2 Associated Signaling Networks: Implication In Radiation Response And Alternative Strategies For 
Therapeutic Resistance 
I. Kim, Seoul National University, Seongnam City 463-707, Korea, Republic of 

A series of studies have shown the evidences regarding the potential value of targeting EGFR or HER-2 signaling to enhance the anti-tumor 
activity of ionizing radiation. However, therapeutic resistance, resulting from several factors including activation of downstream pathway or 
alternative survival pathways, as well as molecular resistance mechanisms, has been emerged as an important issue in clinic. 
We have been trying to identify the component(s) implicated in radiation response in EGFR/HER-2 signalling pathway and also screening the 
useful approaches to overcome therapeutic resistance such as targeting downstream signalling via Ras-PI3K-AKT-mTOR, ligand-independent 
modulation via HSP90 inhibition, epigenetic modulation of EGFR/ HER-2 signalling via inhibition of HDACs, and microRNAs-mediated 
modulation of these signalling networks. The efficacy of each strategy and the diverse mechanisms of radiosensitization will be presented. The 
clinical relevance of each therapeutic target will be discussed through the immunohistochemical study of patients’ tumor samples. 
(Work supported by BAERI #M20708630001-07B0863-00110 from Korean Ministry of Science & Technology) 
Author Disclosure Block:   I. Kim: None. 

107 Radiation Induces Upregulation of GRP78 in Human Head and Neck Tumors 
A. N. Ali, G. Sica, M. Willard, P. Feingold, S. Muller, R. Diaz, Emory University, Atlanta, GA 

Purpose/Objective(s): GRP78 has been shown to be an important neo-antigen that is upregulated in response to ionizing radiation (XRT) as part 
of in vitro glioma and breast tumor cell line experiments. It is known that XRT induces VEGF secretion in some tumors and that VEGF 
stimulates upregulation of GRP78 to the cell surface in human umbilical vein endothelial cells (HUVEC). While prior work has demonstrated 
over-expression of GRP78 in head and neck in vitro cell lines in response to chemotherapy, there has not yet been an exploration of GRP78 over-
expression in response to XRT. Furthermore, upregulation of GRP78 in clinically XRT treated human tumors has not yet been demonstrated in 
any tumor site. In this work, we show the upregulation of GRP78 in response to XRT as part of in vitro human head and neck squamous cell 
carcinoma (HNSCC) cell lines as well as in XRT-treated patients with HNSCC.  Materials/Methods: The human HNSCC cell line, Tu686, was 
co-cultured with HUVECs and then treated with 3 fractions of 3 Gy of XRT over 2 days. HUVECs were then harvested, electophoresed and 
probed for GRP78. The cell culture medium was also analyzed for VEGF levels using ELISA. Finally, paraffin sections of tissue-banked HNSCC 
tumors, both pre-XRT and post-XRT (without chemotherapy), were stained with a GRP78 antibody and evaluated by a blinded board certified 
pathologist. A graded intensity level of 3 (strong) and a percent cell positive level of 3 (50 - 100%) was required for a sample to be considered 
GRP78 positive. Pearson’s chi-square test was used to determine statistical significance.  Results: Western blot analyses of XRT treated 
HUVECs grown in co-culture with the HNSCC, Tu686, showed marked over-expression of GRP78 compared to both untreated co-culture 
controls and treated HUVEC/HUVEC co-cultures. The tumor/HUVEC co-culture medium, when analyzed with ELISA, showed elevated levels 
of VEGF in response to radiation as compared to controls (mean 230 pg/ml vs. 91 pg/ml). Irradiated and unirradiated HUVECs alone had 
undetectable VEGF levels. Thirty (15 pre-XRT and 15 post-XRT) tissue-banked HNSCC tumors from human patients were analyzed for GRP78 
expression. There was a statistically significant increase in the number of GRP78 positive tumors in clinically XRT-treated HNSCC compared to 
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untreated HNSCC (53% vs. 13%, p=0.020).  Conclusion: In response to XRT, tumors can affect the tumor vasculature by secreting VEGF which 
could then lead to upregulation of GRP78 to the cell surface of tumor endothelial cells. Our results show GRP78 over-expression to be induced 
by radiation in both an in vitro HNSCC cell line and in tissue-banked human HNSCC tumors. This represents the first such observation of GRP78 
induction in clinically XRT-treated human tumor tissue. These findings may provide new insights into the biology and treatment of HNSCC 
tumors. 
Author Disclosure Block:   A.N. Ali: None. G. Sica: None. M. Willard: None. P. Feingold: None. S. Muller: None. R. Diaz: None. 

108 Insulin-Like Growth- Factor 1 Receptor Inhibitor Increases Radiation Sensitivity and Chemosensitivity in Head and Neck 
Squamous Cell Carcinoma Cells 
X. Tang, Y. Wang, G. Chen, W. Curran, H. Wang, Emory University, Atlanta, GA 

Purpose/Objective(s): Insulin-like growth factor 1 (IGF-1) signal pathway plays a critical role in cell proliferation and differentiation in normal 
tissues. IGF-1 receptor (IGF-1R) is often over-expressed in human tumors including head and neck squamous cell carcinoma (HNSCC), 
implicating in tumor cell proliferation, survival, carcinogenesis, metastasis, and resistance to chemotherapy and radiation therapy. Targeted 
disruption of IGF-1R signaling may therefore improve anti-cancer efficacy by combining with conventional treatments. In this study, we 
examined the effect of a selective fully human anti-IGF-1R monoclonal antibody (CP-751,871) on radiation sensitivity and chemosensitivity of 
eight HNSCC cells generated from primary sites and lymph nodes of HNSCC patients.  Results: We found that these tumor cell exhibits 
differential sensitivity to X-ray radiation and campothecin (CPT). The sensitivity was associated with the change of non homologous end joining 
(NHEJ), homologous recombination repair and transcriptional dependent DNA damage and repair in these cells detected by pulse field gel 
electrophoresis, single cell electrophoresis and immunofluorescent foci assay, and the variation of related gene expression by microarray assay. 
We also demonstrated that IGF-1R inhibition increases the sensitivity of these cells to radiation and CPT. IGF-1R inhibition disrupted the DNA 
repair activity and suppressed radiation induced IGF-1 signaling transduction.  Conclusions: Cell survivals were measured by cologenic assay. 
DNA damage and repair were detected by immunofluorescent staining, pulse field gel electrophoresis and comet assay. Homologous 
rescombination was measured using a DR-GFP assay. Protein expression and protein phosphorylation were detected by Western blot. 
These results suggest that human tumors should be selectively treated with radiation therapy and chemotherapy according to their molecular 
basis, and IGF-1R inhibition be used to improve the efficacy of radiation therapy and chemotherapy of HNSCC cancers in future clinical trials. 
Author Disclosure Block:   X. Tang: None. Y. Wang: None. G. Chen: None. W. Curran: None. H. Wang: None. 

109 Translation From Bedside-to-bench: The WRN RecQ Helicase/exonuclease At The Nexus Of Aging, DNA Repair, And 
Mesothelial Carcinogenesis. 
S. G. Chun1, M. Carbone2, P. K. Bryant-Greenwood3, 1Department of Surgery, John A. Burns School of Medicine, University of Hawaii, 
Honolulu, HI, 2Cancer Research Center of Hawaii, University of Hawaii at Manoa, Honolulu, HI, 3Department of Pathology, John A. Burns 
School of Medicine, University of Hawaii, Honolulu, HI 

Werner’s Syndrome (WS) or adult-onset progeria is a rare autosomal recessive disorder of accelerated aging caused by loss-of-function mutations 
of the DNA repair enzyme WRN. WRN is a RecQ helicase that repairs DNA base pairs through its exonuclease domain recently identified as a 
substrate of the DNA protein kinase (DNA-PK) pathway. Defects in DNA repair, and the process of aging have been implicated in the 
carcinogenesis of multiple cancers and conceivably, cell lines from humans with WS could yield novel insights into DNA repair and cancer 
biology. To test this hypothesis, we isolated the mesothelial cells from the peritoneal fluid of a human with WS who died of metastatic pancreatic 
adenocarcinoma during a rapid autopsy. The mesothelial cells were grown in RPMI-1640 supplemented with fetal bovine serum, and the cells 
were immortalized with simian virus 40 (SV-40). Infection with SV-40 induced the up-regulation of telomerase as seen by TRAP assay in spite 
of shortened telomeres. By post-infection day 15, the SV-40 infected mesothelial cells exhibited features of neoplastic transformation including 
pleomorphic colonies, nuclear atypia, and 3-dimensional foci in vitro, with a cell doubling time of 24 hours. Transformation with SV-40 also 
caused the down-regulation of cellular markers of mesothelial differentiation including cytokeratin 5 and 6, Calretinin, and WT-1. Analysis of the 
WRN gene by RT-PCR indicated that the cells expressed two different loss-of-function mutations of WRN including one at Exon 9: C.1105 C>T, 
pR369X, and the other at exon 26: IV S25-16>C, C.3139-1G, p.G1047FSX14. Cell cycle analyses indicated that SV-40 infection abrogated the 
hindrance of progression through S-phase associated with Werner’s Syndrome. In summary, we have established an immortalized mesothelial 
cell line and pancreatic cancer cell line from a human with WS, and ongoing study aims to elucidate the role of the WRN RecQ helicase in these 
cells through tumor xenografts in vivo, forced ectopic expression of wild-type WRN, and responses to ionizing radiation. These are the first 
sustainable immortalized cell lines established from a human with WS from bedside-to-bench, providing unique translational resources to 
understand the molecular mechanisms governing the nexus of cellular events underlying the association between aging, defects in DNA repair, 
and the onset of cancer. 
Author Disclosure Block:   S.G. Chun: None. M. Carbone: None. P.K. Bryant-Greenwood: None. 

110 Do ATM And 53BP1 Function In An Epistatic Pathway In The Repair Of Ionizing Radiation-induced DNA Double-strand 
Breaks? 
M. Prakash, J. Chou, S. Franco, Johns Hopkins University, Baltimore, MD 

Purpose/Objective(s): Ataxia-Telangiectasia Mutated (ATM) and its regulated factor p53 Binding Protein 1 (53BP1) are ubiquitous factors that 
accumulate at chromatin surrounding DSBs to promote their repair. In this context, specific ATM and/or 53BP1 inhibitors, currently in 
preclinical development, may function as radiosensitizers for a broad range of human tumors. In addition, loss of ATM and/or 53BP1 in subsets 
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of human tumors may impact on their clinical response to chemo/radiotherapy. To provide a rational basis for targeted therapies, we examine 
here a genetic interaction between ATM and 53BP1 in growth, development and radiation responses.  Material/Methods: Mice deficient for 
ATM or 53BP1 were interbred to generate ATM/53BP1 double knock-out (DKO) mice. B and T lymphocytes obtained from DKO and control 
mice were activated in vitro with -CD40+IL-4 or concanavalin A, respectively, and exposed to either 1 or 2 Gy of ionizing radiation (IR) using a 
GammaCell 40 irradiator equipped with a 137Cs source at a rate of 52 cG/min. The frequency of chromosomal aberrations was quantified on 
metaphase spreads stained with a telomere (TTAGGG)3 probe 24 hours after IR exposure.  Results: Mouse weight and thymocyte/splenocyte 
number and subsets were comparable in ATM and DKO mice. The frequency of chromosomal aberrations per metaphase in untreated wild-type 
(wt), 53BP1-/-, ATM-/- and DKO cells was 0.03, 0.17, 0.7 and 1.1, respectively, for B cells and 0.01, 0.08, 0.41 and 0.38 for T cells. The 
percentage of metaphases containing aberrations in the same experiments was 3.3, 16.7, 53.3 and 56.7 for in wt, 53BP1-/-, ATM-/- and DKO B 
cells, respectively, and 1.7, 8.3, 30.0 and 26.7 for T cells (n=60 metaphases from two independent experiments). As expected, exposure of 
cycling cells to IR markedly increased the frequency of chromosomal aberrations in cells deficient for 53BP1 or ATM relative to wt controls. 
However, there was no significant additional increase in the frequency of chromosome-type aberrations in DKO cells relative to ATM single 
mutants after exposure to either 1 or 2 Gy, and a modest increase in the frequency of chromatid-type aberrations.  Conclusion: ATM and 53BP1 
function in mostly epistatic pathways in growth, development and DSB repair. This information will be useful for the rational design of 
radiotherapeutic protocols for tumors with specific genetic make-up. 
Author Disclosure Block:   M. Prakash: None. J. Chou: None. S. Franco: None. 

111 Radio-sensitizing Effects of miR-101 on Non-small Cell Lung Cancer Cells Depend on the Endogenous miR-101 Level in the 
Cell Line 
S. A. Chen, H. Wang, W. Ng, W. Curran, Y. Wang, Emory University, Atlanta, GA 

Purpose/Objectives: Previously, we showed that microRNA-101 (miR-101) could sensitize human brain tumor and lung tumor cells to radiation 
by targeting both ATM and DNA-PKcs, the important proteins for promoting DNA double strand break repair (PLoS One 5: e11397, 2010). 
However, the heterogeneous characteristics of human cancers may affect the radiosensitizing effects. The purpose of this study is to test the 
hypothesis that the tumor cells with high levels of endogenous miR-101 might show less radiosensitizing response to the ectopic miR-101. 
Materials/Methods: Twelve non-small cell lung cancer (NSCLC) cell lines and one immortalized nonmalignant lung epithelial cell line, NL20, 
were used for comparing the endogenous miR-101 level by real time PCR. Based on the different miR-101 levels, four cell lines were chosen for 
transfecting with the lentiviral plasmid, pCDHCMV-EF1-copGFP encoding miR-101 (pCDHCMV-EF1-copGFP-miR101) or the vector alone. 
The signal of green fluorescent protein (GFP) was used for detecting the transfecting efficiency. ATM and DNA-PKcs levels were measured by 
Western blot in these cell lines for determining the miR-101-target effects. The radiosensitizing effects of miR-101 on these cell lines were 
determined by clonogenic assay.  Results: When compared with the immortalized nonmalignant lung epithelial cell line (NL20), only one tumor 
cell line (H157) among the 12 NSCLC cell lines showed 11-fold higher endogenous miR-101 levels, and all others showed similar or lower levels 
of miR-101. We further chose the H157 cell line and 3 others with similar (H1299) or lower levels of miR-101 (H1975 by a factor of 0.26 and 
A549 by 0.77) for plasmid (with or without miR-101) transfection. GFP signals were observed in all transfected cell lines: the transfection 
efficiency was > 80% in all these cell lines. However, although ectopic mir-101 clearly decreased ATM and DNA-PKcs levels in H1299, H1975 
and A549 cells, it did not change ATM and DNA-PKcs levels in H157 cells that had the highest endogenous mir-101 levels. Similarly, the 
radiosensitizing effects by ectopic miR-101 were observed in H1299, H1975 and A549 cells but not in H157 cells.  Conclusion: NSCLC cells 
represent a heterogeneous group with different levels of endogenous miR-101. miR-101 could used for sensitizing NSCLC cells with levels of 
miR-101 lower or equal to the miR-101 level of lung epithelial cells but could not radiosensitize the NSCLC cells with a much higher 
endogenous miR-101 level. These results suggest that when we choose one miRNA as a therapeutic tool, the endogenous level of the miRNA in 
each cancer should be considered. 
Author Disclosure Block:   S.A. Chen: None. H. Wang: None. W. Ng: None. W. Curran: None. Y. Wang: None. 

112 Significant Improvement In Radiation Therapy Outcomes Using Conjugated Gold Nanoparticles For Nanoscale Radiation 
Dose Enhancement 
P. Diagaradjane1, A. Deorukhkar1, J. Tunnell2, S. Cho3, S. Krishnan1, 1M.D. Anderson Cancer Center, Houston, TX, 2University of Texas, Austin, 
TX, 3Georgia Tech, Atlanta, GA 

Purpose/Objective(s):  Radiation therapy is a long-established component of modern therapy for localized cancers. However, its ultimate utility 
is limited by the inherent resistance of some cancer cells to ionizing radiation. To circumvent this problem, radiation dose escalation, targeting 
resistance pathways or resistant cells with novel agents, or image-guided tumor-targeted therapy are currently being investigated. We propose a 
strategy to simultaneously achieve all of these attributes using high atomic number (Z) gold nanorods (GNRs) for photoelectric dose 
enhancement and antibody conjugation for tumor-specific targeting of GNRs.  Materials/Methods:  Our nanoconstructs were fabricated by 
coating the surface of GNRs with a self-assembled monolayer of poly-(ethylene glycol) and decorating them with Cetuximab® (a monoclonal 
antibody targeting epidermal growth factor receptor, EGFR). In vitro studies included assessment of subcellular localization of GNRs, clonogenic 
survival, and DNA repair kinetics. In vivo effects were assessed in mice bearing subcutaneous HCT116 colorectal cancer xenografts.  Results: 
In vitro studies revealed excellent binding affinity and specificity of the nanoconstruct for EGFR, gradual cellular internalization over 24 hrs, and 
clinically meaningful radiation dose enhancement (dose enhancement factor of 13% for single-dose 250 kVp X-ray radiation). In vivo studies 
(2x1011 conjugated GNRs/mouse intravenously; 6 Gy) demonstrated significant radiosensitization (time to doubling of tumor volume of 19 days 
vs. 10 days for unconjugated GNRs, p< 0.001). Tumor concentrations of gold (measured by inductively coupled plasma mass spectrometry) were 
much lower than that predicted to result in radiation dose enhancement. To explain this dichotomy, confirmation of the impact of proximity of 
GNRs to DNA on enhanced DNA strand breaks was indirectly achieved via Monte Carlo simulations, nanoscale dosimetry, quantification of 
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DNA repair kinetics, and documentation of ultrastructural geographic distribution of GNRs.  Conclusions: These provocative results pave the 
way for possible translation of this novel paradigm of nanotechnology-enhanced radiotherapy. 
Author Disclosure Block:   P. Diagaradjane: None. A. Deorukhkar: None. J. Tunnell: None. S. Cho: None. S. Krishnan: None. 

113 Identification of Homologous Recombinational Repair Defects and Biomarkers of Response in Sporadic Breast Cancer 
R. W. Mutter, J. Park, S. N. Powell, Memorial Sloan-Kettering Cancer Center, New York, NY 

Purpose/Objectives: The proteins encoded by BRCA1 and BRCA2, the most commonly mutated genes in hereditary breast cancer, are only two 
of many proteins involved in homologous recombination (HR). We have previously reported the feasibility of screening breast tumors for 
functional HR pathway defects by identifying abnormalities in the formation of ionizing radiation induced sub-nuclear foci of Rad51 and 
BRCA1. Our aim was to initiate a comprehensive assessment of the frequency and pathologic correlates of HR pathway defects both in primary 
breast tumors as well as established breast cancer cell lines, and to determine whether the functional assay of HR using Rad51 foci is concordant 
or discordant with previously published array comparative genomic hybridization (aCGH) classifiers of HR deficiency. The correlation of these 
results with sensitivity to crosslinking agents is used to determine the functional significance of each assay. Materials/Methods: Fresh primary 
tumor specimens were obtained from patients with non-metastatic, invasive carcinomas following lumpectomy or mastectomy. Patients must not 
have had neoadjuvant cytotoxic or hormonal therapy. A single cell suspension was prepared and divided in two components. One was irradiated 
to 10Gy, and the other was mock-treated. After four hours, cells were mounted and fixed on slides, then stained with anti-Rad51 and anti-BRCA1 
antibodies. We similarly determined the sub-nuclear DNA repair protein foci response of established breast cancer cell lines in vitro. Results: 
The sporadic primary tumors of 20 patients have been screened on protocol to date. The median patient age was 57 years (range, 20-81) and the 
median tumor diameter was 3 cm (range, 1.1-5 cm). Four of 20 (20%) tumors have exhibited a defective Rad51 foci response. Two foci-defective 
tumors were hormone receptor negative, including one with the triple-negative phenotype. Foci-defective responses were also identified in Her2 
amplified and hormone receptor positive tumors. Five of 24 breast cancer cell lines also exhibited a defective foci response. aCGH studies for 
both the clinical samples and cell lines are in progress. Conclusion: We have identified sporadic human breast cancers and established breast 
cancer cell lines with functional HR defects by detecting BRCA1, Rad51 and γH2AX foci formation in response to irradiation. We are testing the 
cell lines and human breast cancers (grown as explants) for sensitivity to DNA damaging agents to validate and optimize the two biomarkers of 
response. The integrity of the BRCA1-BRCA2-Rad51 signaling pathway has important therapeutic implications, as it is a predictor of sensitivity 
to DNA damaging agents and newer targeted therapies such as poly ADP ribose polymerase (PARP) inhibitors. 
Author Disclosure Block:   R.W. Mutter: None. J. Park: None. S.N. Powell: None. 

114 Development of a Novel System to Induce Site-Specific Double-Strand Breaks in Mammalian Cells 
R. S. Bindra, S. N. Powell, Memorial Sloan-Kettering Cancer Center, New York, NY 

Purpose/Objectives: The two major double-strand break (DSB) repair pathways, homologous recombination (HR) and non-homologous end 
joining (NHEJ), play a critical role in the response to ionizing radiation (IR). Furthermore, the link between attenuated DSB repair and 
radiosensitivity is well established. We sought to develop a system for site-specific DSB induction which allows precise control of DNA cleavage 
kinetics, as a new tool for the study of DSB repair pathways. Previously developed inducible DSB systems have suffered from low levels of DNA 
cleavage and/or low levels of DNA cleavage in the absence of the induction stimulus.  Materials/Methods: We have modified the rare-cutting 
endonuclease, I-SceI, such that it can be regulated at the level of both protein stability and cellular localization. Specifically, we created a fusion 
I-SceI protein which contains a destabilizing FKBP12 domain on the N-terminus, and the ligand-binding domain of the glucocorticoid receptor 
(GR) on the C-terminus (referred to as ddSceGR). The addition of the small molecule, Shield1, blocks the destabilizing effect of the N-terminal 
domain, and the addition of the synthetic GR ligand, triamcinolone acetonide (TA), induces translocation from the cytoplasm to the nucleus. We 
stably integrated a ddSceGR plasmid into U2OS cells containing integrated, I-SceI-based, fluorescent DSB reporter assays. We then performed a 
series of validation experiments to test the utility of the ddSceGR system with small molecule inhibitors and RNAi’s targeting DSB repair genes. 
Results: Our results indicate that ddSceGR can be stably integrated into cells with no detectable levels of DNA cleavage in the absence of ligand, 
and that rapid ddSceGR-mediated DSB induction occurs after the addition of ligand. Ligand removal results in rapid cytoplasmic export and 
destabilization of ddSceGR, with consequent resolution of detectable DNA cleavage events. We show that the ddSceGR system can be 
miniaturized to induce site-specific DNA cleavage in 384-well microplate cell cultures, which otherwise would not be feasible using standard 
techniques for DSB induction. In addition, we have validated the use of the system in a pilot RNAi-based study of proximal and distal mediators 
of both NHEJ and HR repair.  Conclusion: We have developed a novel system for site-specific DSB induction at an endogenous locus in 
mammalian cells. DNA cleavage kinetics can be precisely controlled using this approach, and it is compatible with high-throughput screening 
assays. The ddSceGR system will be an important tool for investigators interested in further probing DSB repair mechanisms. A better 
understanding of DSB repair mechanisms will further enhance our understanding of IR-induced cell killing, and it will facilitate the development 
of novel radiosensitizers. 
Author Disclosure Block:   R.S. Bindra: None. S.N. Powell: None. 

115 Radiosensitization of Lung Cancer Cells by Soy Isoflavones Involves Inhibition of APE1/Ref-1 DNA Repair Activity  
G. G. Hillman, V. Singh-Gupta, L. Runyan, C. K. Yunker, F. H. Sarkar, S. Miller, S. M. Gadgeel, M. C. Joiner, A. A. Konski, Wayne State 
University, Detroit, MI 

Purpose/Objective(s):  To improve the effect of radiotherapy for non-small cell lung cancer (NSCLC), we have assessed the potential of using a 
complementary approach with soy isoflavones. We had previously shown that soy isoflavones sensitize cancer cells to radiation both in vitro and 
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in vivo in prostate carcinoma and renal cell carcinoma. We found that survival pathways involving APE1/Ref-1, NF-κB and HIF-1α were 
activated by radiation in tumor cells but were inhibited by soy isoflavones, resulting in enhanced cell killing. In this study, we further investigated 
the role of DNA repair in soy-mediated radiosensitization.  Materials/Methods:  Human A549 NSCLC cells were pre-treated with soy 
isoflavones, then irradiated and tested for cell growth in clonogenic assays. DNA double strand breaks (DSBs) were detected by immunostaining 
for γ-H2AX foci. Expressions of γ-H2AX, HIF-1α and APE1/Ref-1 were assessed by Western blots. DNA binding activities of HIF-1α and NF-
κB transcription factors were analyzed by EMSA.  Results:  Soy isoflavones increased A549 cell killing induced by radiation. Multiple γ-H2AX 
foci were observed at 1h after radiation but their number and frequency significantly decreased at 24h after radiation, indicating DNA repair. Soy 
isoflavones also caused DNA DSBs, but γ-H2AX foci continued to increase over time in contrast to radiation. Soy isoflavones combined with 
radiation caused an increase in γ-H2AX foci which persisted at 24h, indicating both increased DNA damage and inhibition of DNA repair. Soy 
isoflavones inhibited the radiation-induced expression and activity of the DNA repair/redox enzyme APE1/Ref-1 and the transcription factors 
NF-κB and HIF-1α. E3330, which inhibits the redox activity of APE1/Ref-1, did not alter the repair of radiation-induced DSBs. However, 
methoxyamine, which inhibits APE1/Ref-1 DNA repair activity, partially blocked the decrease in radiation-induced DSBs at 24h, suggesting 
partial mitigation of radiation-induced DNA repair akin to the effect of soy when it is combined with radiation.  Conclusions:  Inhibition of 
APE1/Ref-1 DNA repair activity by soy could be involved in the mechanism by which soy alters DNA repair and leads to cell killing. 
Author Disclosure Block:   G.G. Hillman: None. V. Singh-Gupta: None. L. Runyan: None. C.K. Yunker: None. F.H. Sarkar: None. S. 
Miller: None. S.M. Gadgeel: None. M.C. Joiner: None. A.A. Konski: None. 

116 Genetic Screen for Determinants of Resistance to Replication Stress 
H. Zhang, D. Yu, Emory University Department of Radiation Oncology, Atlanta, GA 

Purpose/Objective(s): The replication stress response (RSR) is a signaling network that recognizes challenges to genome integrity and mobilizes 
cellular activities to maintain genome integrity. The RSR is critical for the prevention of cancer by acting as a barrier to genomic instability and 
tumorigenesis. It is a critical determinant of the effectiveness of cancer treatment because most tumor therapies cause DNA damage and thus 
cause replication stress. However, the effectiveness of many cancer treatments is often limited by development of resistance. One major 
component of the RSR is the ATR (ATM and Rad3 related) checkpoint kinase, which is essential to stabilize stalled replication forks and 
promote recovery. The exact mechanisms that regulate replication stress response following challenges, however, still remain elusive. The 
objective of this study was to identify novel genes whose silencing causes resistance to replication stress. As RSR resistance genes which are 
deregulated in tumor cell may function as essential determinants of resistance to cancer therapy.  Materials/Methods: To identify genes involved 
in resistance to replication stress response, we completed an unbiased loss of function genetic screen using RNA interference in human cultured 
U2OS cells. We optimized the high-throughput assay by using ATR and ATRIP siRNAs as positive controls and a non-specific targeting (NT) 
siRNA as a negative control. The ability of cells to recover from a transient, high dose of hydroxyurea (HU) was measured and the genes whose 
silencing causes resistance to this pulse of HU were identified. Using this assay, we employed a library of 27,976 siRNAs corresponding to four 
unique siRNA duplexes, targeting each of 6,994 unique human genes arrayed in a one gene-one well format on 96-well plates. Secondary screens 
to validate and functionally categorize RSR resistance genes are ongoing.  Results: Using the weighted flexible compound covariate method 
(WFCCM) to determine positive hits, we found 54 high-confidence RSR genes which mediate HU resistance, representing 0.8% of the genes in 
our primary screen. Some of the candidate genes were shown to have genomic mutation in tumor cells. 5 out of the 54 candidate genes, HSPA9B, 
IK, PPP1R12A, PRPF8, and SF3A1, were also reported as putative substrates of ATR and ATM. The candidate RSR resistance genes will be 
further validated in our secondary screen.  Conclusion: Functional RNAi screen by transient HU pulse is a useful assay to systematically identify 
the causes of replication stress resistance. Our screen has yielded several RSR resistance genes potentially related to the ATR signaling pathway. 
We expect that novel regulators in DNA replication control, and genomic stability, which may be exploited as prognostic biomarker for cancer 
therapy, will be identified through our screen. 
Author Disclosure Block:   H. Zhang: None. D. Yu: None. 

117 Levetiracetam Sensitizes Glioblastoma multiforme cells to Temozolomide plus Radiation therapy 
W. Kil, E. Lita, A. Tandle, I. Gordon, K. Camphausen, National Cancer Institute, Bethesda, MD 

Purpose/Objective(s): Glioblastoma multiforme (GBM) is among the most common and lethal brain cancers in adult. The maximum benefit 
from standard treatment, e.g., surgery + radiation therapy (RT) with temozolomide (TMZ) has been shown in patients with methylated MGMT 
gene. Seizures are common in patients with brain tumors and require treatment with anticonvulsants. Levetiracetam (Keppra®), a third generation 
anticonvulsant, has been reported as an inhibitor of cellular O6-methylguanine-DNA-methyltransferase (MGMT) expression. Here, we investigate 
the effect of Levetiracetam on RT/TMZ treatment in vitro and speculate on its clinical relevant.  Materials/Methods: Four MGMT-positive cell 
lines (LN18, HCT116, H1299, MCF7) were used to evaluate Levetiracetam effects on MGMT expression. To find out optimal Levetiracetam 
treatment schedule in vitro, LN18 cell line was tested. The effects of Levetiracetam on the in vitro radiation enhancement of LN18 and U251 
(MGMT-negative GBM) was evaluated using clonogenic assay. DNA damage and repair were evaluated by γH2AX foci after radiation. With 
data from 58 GBM patients, enrolled at National Cancer Institute, we then retrospectively assessed relations between Levetiracetam treatment and 
clinical outcome as a pilot study.  Results: Levetiracetam (100µM for 16 hrs) showed a cellular inhibition of MGMT expression in all four 
MGMT-positive cell lines (LN18, HCT116, H1299, MCF7). Exposure of LN18 to 50µM of Levetiracetam for 1 hr resulted in a decreased 
MGMT expression lasting 6 hrs. While MGMT-positive LN18 shows enhanced radiation responses with dose enhancement factor at survival 
fraction of 0.1 were 1.28, 1.51 (TMZ alone, Levetiracetam+TMZ, respectively), those of MGMT-negative U251 were 1.34, 1.36 (TMZ alone, 
Levetiracetam+TMZ, respectively). The expression of γH2AX 24 hours after 4 Gy radiation in the Levetiracetam+TMZ treated LN18 was 
significantly greater than control, or individual treatment with either TMZ or Levetiracetam. A total of 58 patients were evaluated with median 
follow-up 16 months (range 2~53 months). MGMT status in all 58 patients was not described. Overall survival was 27 months with 
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Levetiracetam along with RT+TMZ treatment (45 pts) and 18 months with RT+TMZ treatment (13 pts) (p=0.63). Progression-free survival was 
four and 11 months with RT+TMZ and RT+TMZ+Levetiracetam (p=0.03).  Conclusions: In vitro data indicate that Levetiracetam can enhance 
TMZ-induced radiosensitivity in MGMT-positive GBM cell line. Pilot clinical data suggest that Levetiracetam along with RT+TMZ could 
increase survival in GBM patients regardless of their MGMT-methylation status. Further investigation is needed to confirm this hypothesis. 
Author Disclosure Block:   W. Kil: None. E. Lita: None. A. Tandle: None. I. Gordon: None. K. Camphausen: None. 

118 Targeting Polo-Like Kinase 1 Enhances Radiosensitivity of Glioblastoma Cancer Cells 
A. T. Tandle1, W. Kil1, K. Gehlhaus1, A. Halthore1, U. Shankavaram1, P. Tofilon2, N. Caplen1, K. Camphausen1, 1National Cancer Institute, 
Bethesda, MD, 2H. Lee Moffitt Cancer Center &, Tampa, FL 

Purpose: Glioblastoma multiforme (GBM) is the most common primary brain tumor with a median survival of approximately 14 months. An 
RNA interference (RNAi) screening approach identified Polo-like kinase 1 (PLK1) as one gene critical for GBM cell survival. PLK1 orchestrate 
a wide range of critical cell cycle events. Because PLK1 has been pre-clinically validated as a cancer target, small-molecule inhibitors of PLK1 
have become attractive candidates for anticancer drug development. Here, we examine the effect of one such agent, GSK462364A, on response to 
ionizing radiation (IR) in a GBM cell line.  Materials/Methods: We performed an RNAi screen targeting the human kinome in the U251 human 
GBM cell line. This screen identified several potential kinase genes whose silencing reduced the viability of U251 cells, with the silencing of 
PLK1 being the strongest inducer of cell death. Further, we examined the effect of the PLK1 inhibitor GSK462364A on the in vitro 
radiosensitivity of U251 using a clonogenic survival assay. DNA damage and repair were evaluated by measuring γH2AX levels at 24 hours after 
IR. Mechanism of cell death after DNA damage was determined by immunostaining for mitotic catastrophe. Drug induced cell cycle changes 
were evaluated by flow cytometry with staining for phosphorylated histone H3. In-vivo radiosensitivity was examined in a tumor xenograft 
mouse model.  Results: Exposure of U251 to GSK462364A resulted in an increase in radiosensitivity with dose enhancement factors at a 
surviving fraction of 0.1 of 1.54. GSK462364A (10 nM, 2 hr) with IR treatment also increased the fraction of cells arrested in G2/M-phase. As a 
measure of DNA double strand breaks, γH2AX levels were significantly higher at 24 hours following combined modality treatment when 
compared to individual treatments. Mitotic catastrophe, was also significantly increased in cells receiving the combination of GSK462364A and 
IR when compared to single treatments. In vivo, the GSK462364A + IR treated tumors showed significant tumor growth delay compared with the 
individual modalities.  Conclusions: The data suggest that GSK462364A acts as a radiosensitizer against glioma cells. Furthermore, 
radiosensitization from GSK462364A is mediated by inhibition of DNA double strand break repair resulting in an increase in the proportion of 
cells undergoing mitotic catastrophe. 
Author Disclosure Block:   A.T. Tandle: None. W. Kil: None. K. Gehlhaus: None. A. Halthore: None. U. Shankavaram: None. P. Tofilon: 
None. N. Caplen: None. K. Camphausen: None. 

119 In Vitro And In Vivo Radiosensensitization Of Glioblastoma By The Novel Dna Intercalating Agent And Topoisomerase 
Inhibitor Voreloxin 
I. Gordon, T. Meushaw, C. Peng, K. Camphausen, Nat'L Cancer Institute, Bethesda, MD 

Purpose/Objective(s): Voreloxin is a first in class naphthyridine analog, structurally related to quinolone antibiotics that intercalates DNA and 
inhbits topoisomerase II. As an initial step in evaluating voreloxin as a clinically applicable radiation sensitizer, we investigated the effects of 
voreloxin on the radiosensitivity of the U251 human glioblastoma cell line.  Material/Methods: The effect of voreloxin on postirradiation 
sensitivity of U251 cells was assessed by clonogenic assay. DNA damage and repair was evaluated by comet assay and a high throughput γH2AX 
assay. Cell cycle phase distribution and G2 checkpoint integrity was analyzed by flow cytometry. Mitotic catastrophe was assessed based on 
microscopic evidence of fragmented nuclei by immunofluorescence. Apoptosis was assessed by flow cytometry. In vivo radiosensitization was 
measured by a subcutaneous tumor growth delay assay.  Results: Treatment of U251 cells with voreloxin at 75nmol/L yielded a surviving 
fraction of 0.77 ± 0.16. In irradiated cells at a surviving fraction of 0.10, the radiation dose enhancement factor was 1.51. Drug treatment resulted 
in no change to the cell cycle distribution or G2 checkpoint integrity in control and irradiated cells. No increase in apoptotic fraction was seen 
from drug treatment. The number of cells in mitotic catastrophe was significantly greater in irradiated cells treated with voreloxin than cells 
receiving radiation only after 72 (p=0.009) and 96 (p=0.02) hours. Voreloxin alone caused no significant increase in mitotic catastrophe over 
control cells (p=0.54). Cells treated with voreloxin and radiation maintained significantly higher γH2AX levels than cells treated with vehicle 
control (p=0.014), voreloxin (p=0.042), or radiation alone (p=0.039) after 24 hours. In the comet assay, combination treated cells had 
significantly higher tail moments at 3, 6 and 24 hours after treatment than cells that were only irradiated (p=0.02) or drug treated (p<0.001). The 
in vivo tumor growth delay for combination treated mice was 1.5 days for voreloxin alone, 0 days for radiation (3 Gy) alone, and 8.6 days for the 
combination treated mice.  Conclusion: Voreloxin can enhance glioma radiosensitivity in vitro and in vivo and that the mechanism appears to be 
related to inhibition of DNA repair and increased mitotic catastrophe. 
Author Disclosure Block:   I. Gordon: None. T. Meushaw: None. C. Peng: None. K. Camphausen: None. 

120 Expression of the P53 Binding Protein (53BP1) And Local Relapse In Triple Negative Breast Cancers 
H. Neboori1, H. Wu1, Q. Yang1, S. Goyal1, D. Schiff1, M. S. Moran2, S. Ganesan1, B. G. Haffty1, 1UMDNJ Robert Wood Johnson Medical School, 
New Brunswick, NJ, 2Yale University, New Haven, CT 

Purpose:  Triple Negative Breast Cancers (TNBC) are associated with resistance to conventional systemic therapy, high rates of distant 
metastasis and poor prognosis. There are conflicting reports regarding local relapse rates after breast conserving surgery and radiation (BCS+RT) 
in TNBC. As a majority of these tumors have been shown to be basal-like tumors which are deficient in BRCA1 associated homologous DNA 
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repair, they theoretically should in fact be more sensitive to radiation. Recently we and others have shown that loss of 53BP1 (P53 Binding 
Protein) partially restores homology mediated DNA repair of double strand breaks in BRCA1-deficient cells, rendering the tumors more resistant 
to DNA damaging agents. We therefore hypothesized that TNBC with simultaneous loss of 53BP1 may be relatively resistant to radiation and 
associated with higher local relapse rates when treated with radiation. The purpose of this study is to evaluate the significance of loss of 53BP1 
on local relapse in TNBC treated with BCS+RT.  Methods:  A tissue micro-array was constructed with 514 early stage breast cancer patients 
treated with BCS+RT. The array was processed and stained for ER, PR, and Her2/neu. Based on this staining, 123 patients were identified who 
had TNBC, defined as ER, PR and Her2/neu negative. The array was stained for 53BP1 and scored by two independent pathologists (HW and 
QY) as being positive (intact 53BP1) or negative (loss of 53BP1). All data was entered into a computerized data base for statistical analysis using 
the SAS statistical program.  Results:  As of September 2009, with a median follow-up of 7.23 years the 10-Year local relapse rate (IBTR) of the 
entire cohort of 514 patients was 11.5%. IBTR among the TNBC was 11.7% and did not differ significantly from the 11.5% IBTR of the total 
cohort. Among the 123 TNBC, 17.9% had loss of 53BP1. IBTR were significantly higher in the TNBC with loss of 53BP1 (27.7% in 53BP1 loss 
vs 6.1% in 53BP1 intact at 10 years; p=.036). Of note, there was no significant difference in the IBTR in TNBC with intact 53BP1 and the overall 
population (6.1% vs 11.5% at 10 Years, p = .17). In multivariate analysis, taking into account age, margins, systemic therapy, tumor size, and 
race, intact 53BP1 remained a significant factor associated with better local control in TNBC treated with BCS+RT. The hazard ratio for intact 
53BP1 compared to loss of 53BP1 for IBTR in multivariate analysis was 0.181: CI .035-.922, p = .04.  Conclusions:  TNBC with intact 53BP1 
appear to be associated with better local control rates when treated with BCS+RT. While these findings need to be confirmed in larger validation 
studies, strategies to overcome resistance to radiation and chemotherapy in patients with TNBC with simultaneous loss of 53BP1 are warranted. 
Author Disclosure Block:   H. Neboori: None. H. Wu: None. Q. Yang: None. S. Goyal: None. D. Schiff: None. M.S. Moran: None. S. 
Ganesan: None. B.G. Haffty: B. Research Grant; Supported by the Breast Cancer Research Foundation. 

121 Modulation of the GUCY2C-cGMP Axis as a Gastrointestinal (GI) Specific Radioprotector 
E. J. Wuthrick, P. Li, J. E. Lin, A. E. Snook, G. Marszlowicz, D. Leeper, S. A. Waldman, Thomas Jefferson University Hospital, Philadelphia, 
PA 

Purpose/Objective(s): Radiation-induced GI toxicity is the primary dose limitation compromising therapy in patients treated with abdominal or 
pelvic radiation therapy. Gucy2c is a luminal receptor found exclusively on the brush border membrane of intestinal epithelial cells. Following 
genomic insult, intracellular cyclic (c)GMP produced by ligand activation of Gucy2c enhances DNA damage sensing and repair in intestinal 
cells.  Material/Methods: Gucy2C+/+ (n=29) and Gucy2C-/- (n=38) mice were exposed to 13-18 Gy total body irradiation (TBI) inducing lethal 
GI toxicity and survival was followed up to 15 days. In a separate cohort, hematopoietic stem cell transplant (HSCT) was performed 2 days after 
TBI using 1 x 106 donor cells in 10 and 15 Gucy2C+/+ mice exposed to 8 and 18 Gy, respectively, to eliminate hematologic death as a confounder. 
Gucy2C+/+ (n=34) and Gucy2C-/- (n=35) mice were exposed to 18 Gy abdomino-pelvic (PBI) radiation using a custom jig with shielding over the 
head, thorax, and hind legs. Wild-type C57BL/6 mice were gavaged daily with either 10 mcg of a Gucy2c super-agonist (ST) or a control peptide 
14 days before PBI and for 15 days after. All mice were assessed for overall survival (OS), diarrhea-free survival (DFS), incidence of visible 
diarrhea, weight, coat quality, incidence of stool occult blood, and stool water content.  Results: Gucy2C-/- mice exhibited accelerated death 
reflecting TBI-induced GI toxicity compared to Gucy2C+/+ mice (median survival (MS): 7 d, Gucy2C+/+ mice; 5 d, Gucy2C-/- mice, p = 0.0019). 
After 8 Gy TBI mice were able to be rescued by HSCT and had 100% 15 day OS, whereas mice exposed to 18 Gy TBI + HSCT had an identical 
survival to untransplanted mice. Gucy2C-/- mice exhibited accelerated death after PBI compared to Gucy2C+/+ mice (median survival: >15 d, 
Gucy2C+/+ mice; 7 d, Gucy2C-/- mice, p = 0.0094). Gucy2C-/- mice had decreased DFS (p = 0.0013), diarrhea incidence (p = 0.037), and body 
weight nadir (p = 0.01) and an increased stool water content (71% vs. 51% at d 7, p = 0.001). Gucy2C+/+ mice gavaged with ST had an improved 
DFS after 18 Gy PBI compared to control gavaged mice (MS: > 15 d in ST group, 4.5 d in control group, p = 0.0097). They also had less visible 
diarrhea (p = 0.0017), less of a body weight nadir (p = 0.0275), and a reduced stool water content (p = 0.002).  Conclusion: Eliminating the 
Gucy2C-cGMP axis increased radiation-induced lethal GI toxicity in Gucy2C-/-, compared to Gucy2C+/+, mice. Conversely, activating the 
Gucy2C-cGMP axis with a super-agonist attenuated radiation-induced GI toxicity as measured by DFS, visible diarrhea incidence, stool water 
content, and body weight. Oral administration of Gucy2C ligands may allow for organ specific radioprotection of intestinal epithelia and prevent 
radiation-induced GI toxicity. 
Author Disclosure Block:   E.J. Wuthrick: None. P. Li: None. J.E. Lin: None. A.E. Snook: None. G. Marszlowicz: None. D. Leeper: 
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122 Targeting Dna Repair Genes Xrcc4 And Xrcc2 With Artificial Mirna Sensitizes Human Brain Tumor Cells To Radiation 
Z. Zheng, W. Ng, Y. Wang, Department of Radiation Oncology,Winship Cancer Institute of Emory University, Atlanta, GA 

Background: Previously, we reported that targeting DNA repair genes with miR-101 could sensitize human brain tumor cells to radiation (PLoS 
One 5: e11397, 2010). However, some tumor cell lines with high levels of endogenous miR-101 showed less response to exogenous miR-101 
(our unpublished data). To overcome the resistance of the tumors to radiation, we designed artificial miRNAs to target XRCC2 (an important 
factor for homologous recombination repair (HRR)) and XRCC4 (an essential factor for non-homologous end-joining (NHEJ)) because both 
HRR and NHEJ are required for repairing radiation-induced DNA double strand breaks (DSBs) in mammalian cells and DNA DSBs are the 
severest threat to cell survival.  Methods: We constructed pLenti6/V5-GW/Em-GFP-miR lentiviral expression plasmids expressing artificial 
XRCC4 and XRCC2 miRNAs using Gateway Technology and chained artificial XRCC4 and XRCC2 miRNAs. To avoid triggering miRNA 
tailing and 3′-to-5′ trimming due to an extensive complementarity between a target RNA and an Argonaute1-bound miRNA, we mismatched 7 
bases in the central bulge of the artificial miRNA. U87MG cells were transfected with the vector encoding both the artificial miRNAs. XRCC4 
and XRCC2 levels were measured by real-time PCR and Western blot. The effects of artificial miRNA on sensitizing U87MG cells to radiation 
were determined by clonogenic assay.  Results: The designed artificial XRCC4/XRCC2-miRNA could be over-expressed in U87MG cells and 
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efficiently down-regulate the XRCC4 and XRCC2 levels. Most importantly, the artificial XRCC4/XRCC2-miRNA could efficiently sensitize the 
brain tumor cells to radiation. Conclusion: The designed artificial miRNA targeting XRCC4 and XRCC2 could be a good tool to sensitize brain 
tumor cells to radiation, which provide a new approach for potentially improving radiotherapy. 
Author Disclosure Block:   Z. Zheng: None. W. Ng: None. Y. Wang: None. 

123 Comparative Changes In Gene Expression After Radiation Of Human And Canine Melanoma Cells 
I. Gordon, R. Hanson, C. Graves, K. Camphausen, Nat'L Cancer Institute, Bethesda, MD 

Purpose/Objective(s): Malignant melanoma in dogs and man have common features and important differences. Thorough understanding of these 
features is critical to the design of comparative oncology studies. In this study, radiation induced changes to gene expression profiles of canine 
and human melanoma cell lines were compared.  Material/Methods: 2 canine (326437, 323610) and 2 human (Malme-3M, SKMEL-5) 
melanoma cell lines were grown as adherent monolayers. At 70-80% confluence, cells received either sham or 6 Gy radiation. Differentially 
expressed genes within each cell line (greater than 50% difference between 0 and 6 Gy) were organized by cellular pathways using Ingenutiy 
Pathway Analysis (IPA) software.  Results: For the 2 canine cell lines, 570/13,985 (Ellie) and 460/14,456 (Kuma) genes analyzed showed >50% 
differential expression. For the 2 human cell lines, 524/11,015 (Malme) and 2,937/8,533 (SKMEL) genes analyzed showed >50% differential 
expression. Using IPA, molecular networks that showed significant association with differentially expressed genes in all 4 cell lines included: a) 
cell cycle b) cell death c) cellular growth and proliferation and d) DNA replication, recombination, and repair. Canonical pathways that showed 
significant association with differentially expressed genes in at least 3 out of the 4 cell lines included PI3/Akt signaling, p53 signaling, and ATM 
signaling.  Conclusion: In human and canine melanoma cell lines, differential gene expression was seen after radiation in the same key molecular 
networks and signaling pathways. Further study of specific genes identified and of gene expression in additional models of melanoma are 
warranted. 
Author Disclosure Block:   I. Gordon: None. R. Hanson: None. C. Graves: None. K. Camphausen: None. 

124 Rad52 inactivation is synthetic lethal with deficiencies in the BRCA1-PALB2 pathway of homologous recombination in 
addition to BRCA2  
Benjamin H Lok, BS 1,2, Simon N Powell, MD, PhD1, 1Memorial Sloan-Kettering Cancer Center, 2New York University School of Medicine, 
New York, New York 

Synthetic lethality is a powerful approach to study selective cell killing based on genotype. Previous work in our laboratory has shown that loss of 
Rad52 is synthetic lethal with BRCA2 deficiency, while exhibiting no impact on cell growth and viability in BRCA2-proficient cells.  We now 
show that this same synthetic lethal relationship is evident in BRCA1 and PALB2 deficiencies, implicating BRCA1, PALB2 and BRCA2 in an 
epistatic relationship that is synthetic lethal with Rad52. 
Author Disclosure Block:  B. Lok: None. S. Powell: None.  

125 MYC Levels Correlate with Statin Radiosensitization of PC3 Prostate Cancer Cells 
T. Salih1, K. Aziz1, S. Thiyagarajan1, M. Armour1, B. Shanmugam1, J. Zeng1, S. J. Adam2, D. W. Felsher2, T. L. DeWeese1, P. T. Tran1, 1Johns 
Hopkins Medical Institutions, Baltimore, MD, 2Stanford University School of Medicine, Stanford, CA 

Purpose/Objective(s): Studies have shown a link between HMG-CoA reductase inhibitors (statins) and decreased cancer risk in various cancers 
including prostate cancer. Recent clinical studies have shown improved outcome for men on statin therapy receiving definitive radiation therapy 
compared to radiation therapy alone for prostate cancer. Statins can inhibit the oncogene Ras by isoprenoid metabolism inhibition which in turn 
can result in targeted downregulation of MYC. Inactivation of MYC has been shown to induce tumor regression in transgenic mouse models of 
different cancers.  Material/Methods: We studied statin induced cytotoxicity and radiosensitization in human MYC over-expressing prostate 
cancer cells (PC3). We studied the effect of statin treatment with and without radiation treatment on in vitro cell death and clonegenic survival 
and correlated effects to levels of MYC and phospho-MYC. We constructed mutant cell lines to specifically examine the MYC-dependent effects 
of statins on prostate cancer cell cytotoxicity and radiosensitization.  Results: Statin treatment alone of PC3 prostate cancer cells resulted in 
increased cell death and decreased clonegenic survival. Statin treatment further sensitized PC3 prostate cancer cells to ionizing radiation as shown 
through colony formation assays. These cellular effects were associated with decreased levels of MYC as confirmed by western and phospho-
western analysis. Our preliminary data with MYC overexpressing prostate cancer cells stably transduced with MYC mutants suggest statin 
cytotoxicity and radiosensitization are dependent on MYC.  Conclusion: Our preliminary data have implicated MYC as a potential critical target 
for the cytotoxic effects of statins on human prostate cancer cells. The prevalence of MYC over-expression in human prostate cancers is as high 
as 80%. Thus the ability of statins to radiosensitize MYC over-expressing prostate cancer cells may provide a mechanistic explanation to the 
improved outcomes for men taking statins while on radiation therapy and now may afford us a molecular biomarker to examine this phenomenon 
in the clinic. 
Author Disclosure Block:   T. Salih: None. K. Aziz: None. S. Thiyagarajan: None. M. Armour: None. B. Shanmugam: None. J. Zeng: 
None. S.J. Adam: None. D.W. Felsher: None. T.L. DeWeese: None. P.T. Tran: None. 
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126 Assessment of Treatment Response to Concurrent Radiation and Temozolomide by PET/CT in a Murine Orthotopic Model of 
Glioblastoma Multiforme 
D. Y. Lee, J. Chunta, J. Huang, S. Park, I. S. Grills, A. A. Martinez, G. D. Wilson, B. Marples, William Beaumont Hospital, Royal Oak, MI 

Purpose/Objective(s): Patients with glioblastoma multiforme (GBM) have a high local failure rate after treatment. To better understand the 
biological patterns of failure, we developed a murine orthotopic GBM model and evaluated outcome after radiotherapy using micro PET/CT 
imaging and immunohistochemistry.  Materials/Methods: Nude mice were intracranially injected with U87MG hGBM line (5 x 105 cells in 10 
μl PBS) using a stereotactic device and imaged weekly using FLEX TriumphTM combined PET/CT system (Gamma Medica-Ideas; Northridge, 
CA). MicroPET images  were co-registered with high resolution MicroCT images using a fixed-distance translation calculation in proprietary 
imaging analysis software (VIVID; Gamma Medica-Ideas; Northridge, CA). The CT component of the fused images was used to segment and 
render the tumor volume, which was applied to the PET image to obtain tumor metabolic activity (maximum SUV). RT to the cranium was 
delivered to 14 Gy in 7 continuous days beginning on day 7-10 post-implantation. Temozolomide (TMZ) was administered 1hr before irradiation 
at 10mg/kg via oral gavage. Three treatment groups were imaged weekly for treatment response; 1) control 2) temozolomide alone 3) RT alone 4) 
temozolomide and RT (2Gy x 7)  Results: In control mice, neurologic death occurred between days 14 - 21 post-implant. Tumor volume ranged 
from 41 - 186 mm3 at the time of sacrifice. Increasing maximum SUV activity correlated with the tumor growth in untreated mice. For animals 
treated with TMZ alone for 7 consecutive days, tumor growth was delayed 2 weeks compared to the controls. Tumor volume remained stable 
after TMZ treatment, and showed exponential regrowth after 2 weeks. Although the tumor volume remained stable prior to regrowth, weekly 
PET imaging indicated that maximum SUV activity continued to increase during the stable phase. In mice treated with concurrent TMZ and RT, 
tumor growth was delayed 3-4 weeks compared to the control mice. Tumor volume decreased slightly and remained stable until the exponential 
regrowth phase. Weekly PET imaging indicated a decrease in maximum SUV activity at the end of the TMZ and RT treatment. Maximum SUV 
activity then continued to increase during the stable phase.  Conclusions: We have established an in vivo murine orthotopic GBM model with the 
ability to determine volumetric and metabolic treatment response via microPET/CT. Initial results indicate potential utility of metabolic imaging 
to assess tumor response in addition to the traditional MRI imaging. Histological analysis, different radiation fractionation regimens and other 
pharmacological inhibitors are currently being tested in this model. 
Author Disclosure Block:   D.Y. Lee: None. J. Chunta: None. J. Huang: None. S. Park: None. I.S. Grills: None. A.A. Martinez: None. G.D. 
Wilson: None. B. Marples: None. 

127 MicroRNA Biomarkers for Cervical Cancer 
C. How1, P. Boutros2, B. Clarke3, A. Hui4, A. Fyles5, F. Liu1,5, 1Department of Medical Biophysics, University of Toronto, Toronto, ON, Canada, 
2Informatics and Biocomputing Platform, Ontario Institute for Cancer Research, Toronto, ON, Canada, 3Department of Pathology and 
Laboratory Medicine, University Health Network, Toronto, ON, Canada, 4Division of Applied Molecular Oncology, Ontario Cancer Institute, 
Toronto, ON, Canada, 5Department of Radiation Oncology, University Health Network, Toronto, ON, Canada 

Purpose/Objective(s): Cervical cancer is the second most common malignancy among women worldwide. Standard therapy for locally advanced 
disease consists of combined radiotherapy and chemotherapy; however, the prognosis is poor, with a five-year survival rate of less than 50% for 
patients with advanced stage tumours. Novel biological insights are therefore necessary to better understand cervical cancer progression, and 
improve clinical outcome for patients. Our approach is to investigate the role of micro-RNAs (miRs), which are a class of small, non-coding 
RNAs that regulate gene expression by targeting mRNA transcripts in a sequence-specific manner. Aberrant miR expression has been described 
for almost all human malignancies, including cervical cancer.  Materials/Methods: Global miR expression profiling was conducted on human 
cervical cancer tissues and cell lines using a quantitative real-time PCR approach, simultaneously measuring 377 miRs and 3 endogenous 
controls. SiHa cells were transfected with Pre-miR miRNA Precursor Molecules (Ambion) to determine the biological effects of miR-196b over-
expression. Potential miR-196b targets were elucidated using a tri-modal strategy combining: in silico target prediction algorithms, clinical gene 
expression data and in vitro gene expression data after miR-196b over-expression. To test for direct binding of miR-196b to the HOXB7 3’ UTR, 
a luciferase reporter assay was performed, whereby SiHa cells were serially transfected with: a) miR-196b pre-miR or negative control pre-miR, 
and b) a luciferase reporter vector containing the HOXB7 3’ UTR (either intact or with a mutation in the predicted miR-196b binding site). Cells 
were transfected with siRNA against HOXB7 or VEGF (Qiagen) to determine the biological effects of knocking down HOXB7 or VEGF, 
respectively.  Results: Similar patterns of deregulated miR expression were observed in both primary cancer tissues and cell lines, including 
downregulation of miR-196b compared to normal cervix epithelial tissues. In vitro over-expression of miR-196b led to reduction in cell growth, 
clonogenic survival, migration and invasion. HOXB7 was demonstrated to be a bona fide target of miR-196b by the luciferase reporter assay, and 
in vitro knockdown of HOXB7 phenocopied the biological effects of miR-196b over-expression. VEGF appears to be a downstream target of 
HOXB7, which could be mediating these biological effects. Conclusions: miR-196b was downregulated in cervical cancer tissues and cell lines, 
and was shown to directly target HOXB7. Future studies will involve xenograft experiments, and corroboration of the miR-196b~HOXB7~VEGF 
axis in primary cervix cancer tissues. Hence, miR profilings can provide novel biological insights into mechanisms of human cancer progression. 
Author Disclosure Block:   C. How: None. P. Boutros: None. B. Clarke: None. A. Hui: None. A. Fyles: None. F. Liu: None. 
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128 Effects of Radiation Therapy on the Detection of Microscopic Residual Cancer in the Surgical Bed using a Protease-activated 
Fluorescent Probe in a Primary Soft Tissue Sarcoma Model 
K. C. Cuneo1, J. K. Mito1, B. E. Brigman1, C. Lee1, W. C. Eward1, J. E. Carter1, J. M. Ferrer2, D. G. Kirsch1, 1Duke University Medical Center, 
Durham, NC, 2Massachusetts Institute of Technology, Cambridge, MA 

The goal of limb-sparing surgery for a soft tissue sarcoma of the extremity is to remove all malignant cells from the tumor site. Microscopic 
residual disease in the tumor bed will cause a local recurrence in approximately one-third of patients with a sarcoma. Adjuvant radiation therapy 
lowers the risk of local recurrence by eradicating microscopic residual disease and is indicated for most patients. A wide field-of-view hand-held 
imaging device coupled with a cathepsin protease-activated fluorescent probe has been developed in order to detect microscopic residual sarcoma 
cells in the tumor bed of mice. This system can detect single cells that have activated a fluorescent probe in vivo. Additionally, detection of 
residual fluorescence within the tumor bed correlates with local recurrence in a primary mouse model of soft tissue sarcoma and the removal of 
residual fluorescence in the surgical bed improves local control. As many patients receive radiation therapy prior to resection of a soft tissue 
sarcoma, the effects of preoperative radiation therapy on this intraoperative imaging system were tested. Mice with a hind limb soft tissue 
sarcoma were treated with 0, 5, 15, or 25 Gy in 5 Gy daily fractions. Two weeks after starting radiation therapy the mice were injected with the 
cathepsin protease-activated probe VM249. Four hours later, the tumor was surgically removed and the tumor, tumor bed, and muscle were 
imaged using a wide filed-of-view hand held imaging device. Preoperative radiotherapy did not significantly change the tumor to muscle signal 
ratio from the fluorescent probe compared to unirradiated controls. In a separate experiment, mice without a soft tissue sarcoma received total 
body irradiation with 180 cGy times four fractions. One week following radiation therapy the cathepsin-activated fluorescent probe VM249 was 
injected and 4 hours later the mice were sacrificed. Necropsies were performed and the heart, small bowel, kidney, liver, lung, spleen, and muscle 
were imaged using the wide field-of-view hand-held imaging device. VM249 activation in tissue did not significantly differ between mice 
receiving total body irradiation compared to unirradiated controls. These studies suggest that preoperative radiation therapy does not affect the 
activation of VM249. Therefore, clinical trials in patients that test this technology can include patients treated with neoadjuvant radiation therapy. 
Author Disclosure Block:  K.C. Cuneo: None. J.K. Mito: None. B.E. Brigman: None. C. Lee: None. W.C. Eward: None. J.E. Carter: 
None. J.M. Ferrer: None. D.G. Kirsch: None. 

129 Clinical Correlation Of Raman Spectroscopy And Radiobiological Assays With Immediate Tumor Radioresponse In 
Carcinoma Cervix 
M. S. Vidyasagar1, M. Kodali2, B. M. Vadhiraja1, D. J. Fernandes1, V. B. Kartha2, C. M. Krishna3, 1Shirdi Saibaba Cancer Hospital, Manipal, 
India, 2Center for Atomic and Molecular Physics, Manipal University, Manipal, India, 3Chilakapati Laboratory, CRI, ACTREC, Mumbai, India 

Purpose/Objective(s): To clinically correlate Raman spectroscopy and radiobiological assays with immediate tumor radioresponse in carcinoma 
cervix.  Materials/Methods: Parallel Raman spectroscopy and radiobiological assays (estimation of serum GSH content, Single Cell Gel 
Electrophoresis (SCGE) assay) using blood/biopsy samples collected from same subject before and after 2nd/5th fraction of treatment were carried 
out and efficacies of the approaches vis-à-vis immediate tumor radioresponse were also evaluated. For Raman spectroscopic studies 25, 2-RT 
biopsies and 62 5-RT biopsies were analyzed. Out of 62 5-RT subjects 32 were used to develop calibration models and remaining 30 were 
employed as blind samples in order to evaluate the predictive models. Principal component assay (PCA) and multiparametric (scores of factor, 
Mahalanobis distance and spectral residuals) Match / Mis-match ‘limit test’ respectively, for analysis and matching of the preprocessed data. Data 
of radiobiological assays were analyzed by Bonforroni’s post-hoc.  Results: Raman spectroscopy could accurately predict responding and non-
responding tumors but fail to delineate between responding conditions.  Conclusions: Raman spectroscopy could accurately predict responding 
and non-responding tumors but fail to delineate between responding conditions. On the other hand radiobiological assays could classify all three 
different responding conditions. But the fact remains that advantage of Raman spectroscopy is its adaptability to in vivo / in situ applications 
where in a painful biopsy can be avoided. Raman spectroscopy in-vivo probe may be developed as a bed-side device for predicting response to 
radiotherapy. 
Author Disclosure Block:    M.S. Vidyasagar: B. Research Grant; Department of Atomic Energy; Board of Research in Nuclear Sciences, 
Govt. of India. M. Kodali: None. B.M. Vadhiraja: None. D.J. Fernandes: None. V.B. Kartha: None. C.M. Krishna: None. 

130 Osteopontin (OPN) in Prostate Cancer: Relationship to Risk Category and Radiotherapy Response 
J. W. Thoms1, E. Christensen1, P. Anborgh2, N. Fleshner1, K. Chadwick1, M. Pintilie1, C. Catton1, A. Chambers2, R. Bristow1, 1Princess Margaret 
Hospital / University of Toronto, Toronto, ON, Canada, 2University of Western Ontario / London Regional Cancer Program, London, ON, 
Canada 

Introduction: At present time, the ability to predict an individual prostate cancer patient’s response to surgery, radiotherapy (RT), hormone 
therapy or chemotherapy is limited and is based primarily on pre-treatment PSA, PSA velocity, tumour stage, and Gleason score. Clearly, 
clinicians are in need of biomarkers that reflect the presence of aggressive prostate cancer that requires treatment. Osteopontin (OPN) is a 
phosphorylated glycoprotein secreted by activated macrophages, leukocytes, and T lymphocytes, and is present in normally extracellular matrix 
fluids, at sites of inflammation, and in mineralized tissues. Over-expression of OPN has been found in many cancers including breast, lung, 
colorectal, head and neck and prostate cancers which suggests a role in cancer diagnosis and staging. It has also been associated with tumor 
hypoxia and survival in HEENT patients treated with radiotherapy. We therefore tested the hypothesis that circulating plasma OPN expression is 
a biomarker of prostate cancer tumor aggression and response to radical radiotherapy.  METHODS: Using an ELISA-based assay, we profiled 
plasma OPN levels prior to treatment in 20 low risk, 36 intermediate risk, 29 high risk, 9 biopsy-proven locally recurrent following radiotherapy 
and 18 metastatic castrate resistant prostate cancers. For a selected number of patients in each cohort we compared pre- and post- treatment OPN 
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levels following radical prostatectomy, image guided radiotherapy (total doses ranging from 60-78Gy) and response to taxane-based 
chemotherapy. OPN levels were also correlated to PSA and Gleason score.  RESULTS: In the non-metastatic risk groups, there was 
heterogeneity in OPN values (31 to 578 AI); but there was no significant difference across all 3 risk categories. Patients with castrate-resistant 
prostate cancer who received chemotherapy had OPN values ranging from 67 to 1240 AI. This group was statistically significant compared to the 
non-metastatic risk groups (p-value = <0.0001; Kruskal-Wallis test). There was no correlation between plasma OPN and PSA. We did not 
observe changes in OPN values in response to radical or post-operative radiotherapy or to chemotherapy.  CONCLUSIONS: We conclude that 
baseline OPN determinations does not help differentiate between risk categories in localized prostate cancer, nor defines responders versus non-
responders following radiotherapy. Instead, OPN levels are highest in patients with castrate-resistant metastatic prostate cancer. We conclude that 
plasma OPN is not a useful marker of micro-metastatic disease or a predictor or response in men destined to receive radiotherapy or surgery for 
cure. 
Author Disclosure Block:   J.W. Thoms: None. E. Christensen: None. P. Anborgh: None. N. Fleshner: None. K. Chadwick: None. M. 
Pintilie: None. C. Catton: None. A. Chambers: None. R. Bristow: None. 

131 Developing a Protein Structure Based Classification of nsSNPs as Predictive and Prognostic Biomarkers in Cancer 
S. L. McGovern1,2, J. N. Weinstein1, W. Chiu2, 1M.D. Anderson Cancer Center, Houston, TX, 2Baylor College of Medicine, Houston, TX 

Purpose: An especially important type of mutation in tumor cells is the non-synonymous single nucleotide polymorphism (nsSNP), which 
produces a single amino acid change in the protein encoded by a gene. A critical challenge for biomarker development is to distinguish nsSNPs 
that drive carcinogenesis or treatment response from those that are merely passengers. Changes in amino acid sequence can affect ligand binding, 
catalytic sites, and protein stability through changes in protein structure. Such mutations are the ones most likely to drive or suppress tumor 
growth, yet they may not be evident as such from the protein sequence. Analysis of the three-dimensional protein structure can reveal spatial 
relationships and suggest which mutations are likely to affect functionally important domains in the protein. Our central hypothesis is that 
visualization of nsNSPs on the three-dimensional protein structure will enable new, structure-based classification of nsSNPs that may provide 
predictive and prognostic information.  Methods: To test this hypothesis, we downloaded 52 nsSNPs in p53 from 42 glioblastoma patients in The 
Cancer Genome Atlas. The nsSNPs were mapped onto the three dimensional, atomic resolution structure of p53 bound to a DNA substrate. Each 
residue in p53 was colored according to its mutation frequency among the 42 patients. Thus, the protein structure served as a heat map that 
readily identified mutation hotspots.  Results: Notably, 14 of the 52 nsSNPs (27%) occurred in four amino acids (G245, R175, R273, and R282) 
less than 5 Å from the active site. This preliminary analysis suggests that residues adjacent to the active site are more frequently mutated in 
cancer than residues further from the active site.  Conclusions: Grouping mutations based on their distance from the active site may enable 
identification of nsSNPs most likely to contribute to carcinogenesis and treatment response. 
Author Disclosure Block:   S.L. McGovern: None. J.N. Weinstein: None. W. Chiu: None. 

132 Comparison of Different Parameters for Assessing the Early Response of Head Neck Cancer Xenografts to Radiation Therapy 
Using 18F-FDG-PET Imaging  
J. Huang, M. Amin, J. Chunta, D. Lee, I. Grills, C. O. Wong, H. Ye, B. Marples, A. Martinez, G. Wilson, William Beaumont Hospital, Royal 
Oak, MI 

Purpose/Objective(s): To investigate the information provided by 18F-fluorodeoxyglucose-positron emission tomography (FDG-PET) during the 
early response of head neck cancer xenografts to Radiation Therapy (RT).  Materials/Methods: Primary head neck squamous cancer cells 
(UT14) were injected to the flank of female nu/nu mice to generate xenografts. After tumors reached a size of 400-500cc, they were treated with 
either sham RT (control group) or 15 Gy in one fraction (RT group). Tumors were measured by calipers twice a week to calculate their volumes. 
At different time points after sham RT or RT, 2-3 mice were assessed by FDG-PET with dynamic acquisition over 2 hours. Immediately after the 
FDG-PET, the mice were sacrificed to harvest their tumors. Tumors were fixed in zinc formalin and stained with hematoxylin and eosin (HE) for 
histology analysis. All HE slides were reviewed by a board-certified pathologist. The peripheral and central regions of each tumor were assessed 
separately for tumor viability. Different parameters were used to process the dynamic PET data: standard uptake value (SUV), SUV corrected by 
blood glucose (SUVglu), kinetic index (Ki), retention index (RI). Receiver operating characteristic (ROC) analysis was used to compare different 
PET parameters for their ability to detect tumor growth and tumor viability, with their performances measured using the area under the ROC 
curve (AUC).  Results: Thirty mice were implanted with xenografts, and twenty-seven had successfully undergone FDG-PET (11 control and 16 
RT). For the control group, tumors were harvested at approximately day 3, 10 and 16 after reaching the starting volume. For the RT group, 
tumors were harvested at approximately day 4, 7, 12, 23, 30, 40 after irradiation, and the tumor growth was arrested for the first approximately 20 
days after RT and resumed at a linear rate thereafter. Tumor necrosis developed in the central region but not in the peripheral region of irradiated 
tumors. Of the different ways to calculate different parameters, SUV at 60min (SUV-60min), Ki calculated using Patlak analysis from 12-70min 
(Ki-Patlak), and RI from 30-60min (RI 60-30min) provided the best accuracy for their respective parameter. SUVglu did not improve the 
predictive value of SUV. On ROC analysis, the AUCs of SUV-60min, SUVglu-60min, Ki-Patlak, and RI 60-30min were 0.759, 0.605, 0.809, and 
0.685 for tumor growth; and were 0.867, 0.835, 0.865, and 0.758 for tumor viability.  Conclusions: SUV-60min and Ki-Patlak from FDG-PET 
can be used to detect tumor regrowth and tumor viability of head neck cancer xenografts after RT. Further research is ongoing to characterize 
other histological changes and detailed molecular changes for comparison with FDG-PET imaging. 
Author Disclosure Block:   J. Huang: None. M. Amin: None. J. Chunta: None. D. Lee: None. I. Grills: None. C.O. Wong: None. H. Ye: 
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133 Evaluation of Cytokine Protein Levels in Secretions of Patients Undergoing Radiotherapy as a Novel Non-Invasive Biomarker 
D. E. Citrin1,2, Y. Hitchcock2, E. Chung1, J. Frandsen2, M. Urick1, W. Shield1, S. Vaswani1, D. Gaffney2, 1National Cancer Institute, Bethesda, 
MD, 2Department of Radiation Oncology, University of Utah, Salt Lake City, UT 

Purpose/Objective(s): Currently, sampling of normal tissue for protein biomarker correlative studies requires biopsy or evaluation of systemic 
proteins levels via blood sampling. Cytokine levels have been shown to correlate with toxicity from radiotherapy in some series. The purpose of 
this study was to determine the feasibility of evaluation of cytokine protein levels in the secretions of patients undergoing radiotherapy for head 
and neck (H&N) or gynecologic (GYN) malignancies.  Materials/Methods:  20 patients were enrolled in an IRB approved protocol. Eligible 
patients were > 18 years, with KPS >50, and scheduled to receive radiotherapy for a H&N (EBRT) or GYN (brachytherapy) malignancy. 
Samples of secretions (oral or vaginal) were obtained with Merocel sponges pretreatment and after 10, 20, and 30 Gy in H&N patients. Vaginal 
secretion samples were obtained prior to each brachytherapy fraction. Secretions were isolated with immersion of the collecting sponge in lysis 
buffer followed by centrifugation. Concentrations of IL-4, IL-6, IL-8. IL-10, MCP-1, TNF-α, VEGF, and EGF were measured with Luminex 
assay normalized to the wet weight of the Merocel sponge prior to isolation.  Results: 10 endometrial and 10 H&N cancer patients underwent 
sampling. Salivary levels of IL-4, IL-6, IL-8, EGF, MCP-1, TNF- α , and VEGF were higher in the high dose region compared to the low dose 
region at each time point during radiation (p<0.05). A trend toward an increase in cytokine levels as radiation dose increased was observed for 
IL-6, IL-8, MCP-1, and TNF-α. Patients that developed > Grade 2 mucositis during treatment had significantly higher IL-10 levels at each 
treatment time point compared to patients with < Grade 1 mucositis. Vaginal cytokine levels varied to a greater degree between patients and time 
points and no clear correlations were observed.  Conclusions: Assessment of salivary cytokine levels may provide a novel non-invasive normal 
tissue biomarker in patients undergoing radiotherapy for H&N malignancies. Additional assessments at later time points and in larger populations 
may be useful to determine whether the trend of increased cytokine levels persists or increases throughout treatment and to investigate 
correlations with toxicity or disease outcomes. 
Author Disclosure Block:   D.E. Citrin: None. Y. Hitchcock: None. E. Chung: None. J. Frandsen: None. M. Urick: None. W. Shield: 
None. S. Vaswani: None. D. Gaffney: None. 

134 EGFR Mutation Rates from a Phase II Trial of Erlotinib plus Concurrent Whole-Brain Radiation Therapy for Patients with 
Brain Metastases from Non-Small Cell Lung Cancer 
E. J. Koay, A. Amini, P. Allen, D. M. Erdman, R. Komaki, E. S. Kim, J. Welsh, M.D. Anderson Cancer Center, Houston, TX 

Purpose/Objective(s): Brain metastasis is a leading cause of death for patients with non-small cell lung cancer (NSCLC), and survival for such 
patients remains poor. Because 10%-15% of patients with NSCLC have mutations in the epidermal growth factor receptor (EGFR) and because 
blocking EGFR in combination with radiation has shown clinical benefit in head and neck cancer, we developed a multi-institutional phase II 
clinical trial to test the combination of concurrent erlotinib with whole-brain radiation therapy (WBRT) for patients with brain metastases from 
NSCLC. As part of this trial, we analyzed EGFR status to analyze its incidence in this patient population and to analyze its prognostic value for 
progression free survival (PFS).  Materials/Methods: Patients treated at MD Anderson Cancer Center with NSCLC brain metastases were 
eligible regardless of EGFR status. Patients were given erlotinib 150 mg PO once daily for 1 week, then concurrently with WBRT (35 Gy in 14 
fractions), followed by erlotinib only until documented disease progression. EGFR mutation status was tested by DNA sequencing at MD 
Anderson’s accredited core facility.  Results: Twenty patients were enrolled and completed erlotinib and WBRT. Nine of the 18 patients for 
whom the EGFR status of the primary tumor was known were found to have EGFR mutations, and most of the mutations (5 of 9) were in exon 
19. Seven of the 9 patients with mutations were women, representing 78% of the mutations (OR 0.04, p=0.01). There was a trend toward 
improved PFS for patients with mutated EGFR compared to wild-type (OR 1.2, 4.2 vs. 1.9 months, p=0.21).  Conclusions: The 50% incidence of 
EGFR mutations in unselected patients was considerably higher than rates typical seen in primary lung cancer. Mutations were disproportionately 
present in women. Our findings suggest that patients with NSCLC and mutated EGFR may be at higher risk of developing brain metastases. At 
our initial assessment, there was no significant difference in PFS based on mutation status, but longer follow up will be needed. 
Author Disclosure Block:   E.J. Koay: None. A. Amini: None. P. Allen: None. D.M. Erdman: None. R. Komaki: None. E.S. Kim: None. J. 
Welsh: None. 

135 Serum IL-R1a and IP-10 Cytokine/chemokine Profiling Differences in Immune Responders and Non-responders to 
Combination Radiation / Immunotherapy For Soft Tissue Sarcoma 
S. E. Finkelstein, D. R. Noyes, B. C. Lenox, M. M. Bui, D. Cheong, R. J. Gonzalez, R. V. Heysek, J. S. Zager, S. J. Antonia, D. I. Gabrilovich, et 
al., Moffitt Cancer Center, Tampa, FL 

Background: Patients with large, high-grade soft tissue sarcomas (STS) have a >50% risk of developing systemic disease following external 
beam radiation (EBRT) and surgery. Combination of EBRT with experimental intratumoral injection of dendritic cells (DC) in addition to 
surgical extirpation adds innovative immunotherapy to standard treatment.  Purpose/Objective(s): To evaluate a possible link between immune 
responses to sarcoma tumor-associated antigens (TAA) and serum cytokine/chemokine (CC) levels in responders and non-responders patients to 
EBRT / DC.  Materials/Methods: Prospective phase I/II trial of eighteen patients with clinical stage T2N0M0 high grade STS of the extremity / 
trunk / chest wall completing pre-operative EBRT with DC. The serum levels of 27 CC (IL-1Ra, IP-10, G-CSF, GM-CSF, IL-1β, IL-2, IL-4, IL-
5, IL-10, IL-13, IL-15, IL-17, MIP-1α, Rantes, TNF-α, bFGF, eotaxin, IFN-γ, IL-12 (p70), IL-6, IL-7, IL-8, IL-9, MCP-1, MIP-1β, PDGF, and 
VEGF) were profiled in all patients before, during (at week 4), and after EBRT/DC therapy prior to surgical extirpation (at week 8-10) using 
Biorad Pro Human Cytokine Kits. Immune responders were defined as patients induced to produce significant anti-autologous tumor cell immune 
responses determined via ELISPOT assays on patients’ peripheral blood mononuclear cells; CC levels of the10 immune responders were 
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compared to the 8 non-responders.  Results: Significant differences between responders and non-responders were found in profiling two CC: IL-
1 receptor antagonist (IL-1Ra), and interferon-inducible protein 10 (IP-10). Before EBRT with DC treatment, none of the mean serum CC levels 
were different between responder and non-responder patients. Non-responders had significantly lower levels of IL-1Ra than responders at 4 
weeks (p=0.007) and 8-10 weeks (p=0.029). Non-responders had significantly higher levels of IP-10 than responders at 4 weeks (p=0.036) and 8-
10 weeks (p=0.01). In addition, with clinical follow-up >1 year available on 14 of 18 patients, only 1/7 immune responder patients developed 
progressive disease, whereas 4/7 non-responder patients developed progressive disease.  Conclusions: These data suggest significant profiling 
differences in serum IL-R1a and IP-10 for immune responders and non-responders treated with combination of EBRT with intratumoral injection 
of DC. Next generation trials will further evaluate immune monitoring of these molecules and their predictive value. 
Author Disclosure Block:   S.E. Finkelstein: None. D.R. Noyes: None. B.C. Lenox: None. M.M. Bui: None. D. Cheong: None. R.J. 
Gonzalez: None. R.V. Heysek: None. J.S. Zager: None. S.J. Antonia: None. D.I. Gabrilovich: None. 

136 Osteopontin (OPN) Inhibition As A Novel Therapeutic Strategy In Targeting Non-small Cell Lung Cancer (NSCLC) 
P. Kuo, Q. Le, Stanford, Stanford, CA 

Purpose/Objective(s):  OPN is a secreted glyco-phosphoprotein that is involved in many pathological processes. Several studies have shown that 
OPN plays a major role in driving tumor cell proliferation, migration, invasion, adhesion, angiogenesis and apoptosis evasion. In NSCLC, 
elevated plasma OPN level has been associated with worse treatment outcomes and surgical tumor resection resulted in normalization of secreted 
OPN level. Therefore, OPN may serve as both a biomarker and a therapeutic target in NSCLC. Since antibody-based therapies have become 
successful in the clinics for several molecular targets, we propose to explore the therapeutic potential of OPN-neutralizing antibodies in NSCLC. 
Materials/Methods:  In vitro migration was examined using trans-well and scratch assays. In vitro cell proliferation was determined by BrdU 
incorporation. Radiosensitivity was assessed through clonogenic survival and MTT cell viability assays.  Results:  We have previously found that 
the RGD domain of OPN is critical for mediating tumor growth and metastasis by protecting tumor cells from stress-induced apoptosis. We 
therefore generated a rabbit polyclonal OPN antibody against a large peptide spanning this domain and verified that the purified antibody 
recognized both intracellular and secreted human and mouse OPN specifically. Functionally, treatment of LKR10 and LKR13 (two murine K-ras 
activated NSCLC cell lines of adenocarcinoma subtype) with OPN antibody attenuated their migration. We also observed decreased cell 
proliferation in anti-OPN pre-treated LKR10 cells in vitro. Additionally, treatment of these cells with OPN antibody prior to radiation enhanced 
radiation cell kill 2.4 and 1.6 fold (in LKR10 and LKR 13, respectively) under hypoxia, but not normoxia. Further, OPN knockdown induced 
radiosensitivity in cells irradiated under both normoxia and hypoxia. This hypoxia-specific radiation sensitization effect appears to involve OPN 
interaction with the CD44 cell surface receptor since pre-treatment with CD44-specific antibody also resulted in enhanced radiation cell kill 
under hypoxia but not normoxia. However, pre-treatment with Integrin avb3 antibody did not elicit the same effect.  Conclusion: Potentially 
through CD44 receptor signaling, antibody inhibition of OPN attenuated migration, proliferation, clonogenic capacity and cell viability after 
radiation under hypoxia in LKR cells. Our findings support the therapeutic potential of utilizing antibodies to inhibit OPN in NSCLC, however 
future studies will be conducted to determine the mechanism by which our OPN antibody sensitizes cells to radiation under hypoxia and to 
evaluate the therapeutic effect of OPN antibody when used in conjunction with radiotherapy in NSCLC. 
Author Disclosure Block:   P. Kuo: None. Q. Le: None. 

137 Early Dynamic MicroPET/CT Modeling of Tumor Metabolic Kinetics in Xenograft Models of Murine Squamous Cell 
Carcinoma 
J. L. Chunta, C. O. Wong, J. Torma, B. Marples, A. Martinez, G. Wilson, William Beaumont Hospital, Royal Oak, MI 

Purpose/Objective(s): Early dynamic 18F-FDG PET imaging may characterize tumor biology more completely than standard single time point 
static acquisitions because it captures changes in radiotracer activity with time. Our aim was to correlate a kinetic sensitivity factor (S-factor) 
derived from early dynamic 18F-FDG PET imaging with growth rate and conventional kinetic modeling in xenograft models of murine squamous 
cell carcinoma. We hypothesized that correlating the S-factor with these factors may allow for the ongoing “fingerprinting” of tumor physiology, 
which could improve staging and evaluating the efficacy of novel and existing treatment protocols.  Materials/Methods: UT-14a/UT16a head 
and neck, and A549 lung carcinomas were established in the flanks of nude mice (Nu-Nu). Tumors were grown to a minimum diameter of 8mm 
and were imaged with the FLEX TriumphTM PET-SPECT-CT system (GE Healthcare/Gamma Medica-Ideas, Waukesha, WI). Mice were 
anesthetized with 1-2% isoflurane and 22.9 MBq (±10%) of 18F-FDG was tail vein injected using an automated injection pump. Animals 
underwent dynamic PET imaging for 2 hours followed by a CT scan. Tumor 18F-FDG-time activity curves were generated from PET data using 
PMOD (PMOD Technologies, LTD, Zurich, Switzerland)and volumes were derived from CT images using VIVID (Gamma Medica-
Ideas;Northridge, CA). The S-factor was calculated at varying time intervals using the SUVMAX (Q) by d{ln(Q)/d{ln(t)} using a regression of 
log-transformed data from 0 to 120min. The specific growth rate (SGR) was calculated from a linear regression of dV/dt and volume (V) and the 
transfer constant, Ki, was calculated by K1*k3/(k2+k3). Procedures were approved by the institutional IACUC.  Results: The S-factors from 
various time intervals were strongly and significantly correlated with the corresponding group Ki (Spearman’s r=1.000, p<0.01), SGR (r=1.000, 
p<0.01), and SUVMAX (r=1.000, p<0.01). Additionally, the S-factors of faster growing UT14 and A549 tumors were significantly higher than 
those of the slower growing UT16a tumors (p=0.004-0.012).  Conclusions: The variability in S-factor values is correlated with growth rate, with 
higher values being found in faster growing tumors. Strong correlations between the S-factor and traditional kinetic modeling suggest that the S-
factor captures the same information, but in a simpler manner given the reduce number of factors required for its calculation. Overall, the S-factor 
may reflect the relative activity of a tumor cell population and it could prove useful in differentiating active versus static tumor regions. 
Histopathologic studies are currently underway to identify the molecular mechanism (Eg. Ki67, VEGFr, etc) for the above correlations.   
Author Disclosure Block:   J.L. Chunta: None. C.O. Wong: None. J. Torma: None. B. Marples: None. A. Martinez: None. G. Wilson: 
None. 
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138 Dynamic Changes In Tumor Hypoxia, As Imaged By Serial 18F-fmiso Pet/ct, In Head And Neck Cancer Patients Undergoing 
Chemoradiotherapy: A Pilot Study  
N. Lee, R. Bartlett, M. Lian, M. Fury, E. Sherman, R. Wong, P. B. Zanzonico, H. Schöder, J. Humm, Memorial Sloan-Kettering Cancer Center, 
New York, NY 

Purpose/Objective(s):  One known cause of treatment failure after chemoradiation for head and neck cancer is tumor hypoxia, detectable by 18F-
fluoromisonidazole positron emission and computed tomography (18F-FMISO PET/CT).However, there are limited data on the use of 18F-FMISO 
PET/CT imaging to predict early treatment response in head and neck cancer. In this pilot study, we report the preliminary hypoxia imaging 
results from an on-going prospective study of a series of locoregionally advanced head and neck cancer patients who underwent pre- and early (1 
week) post-chemoradiation 18F-FMISO PET/CT scans  Materials/Methods:  Patients were immobilized using a head/neck/shoulder mask that is 
used during radiation treatment, and underwent 3 separate PET/CT scans: one pretreatment 18F-fluorodeoxyglucose (18F-FDG) PET/CT scan, 1 
pretreatment 18F-FMISO PET/CT scan, and a 18F-FMISO PET/CT scan performed 1 week after the start of chemoradiotherapy. The 18F-FMISO 
PET/CT scans were acquired 2-3 h after tracer administration. 18F-FMISO uptake versus no-uptake was determined by visual inspection. All 
patients completed their prescribed chemoradiation regimens.  Results:  All patients (n=9) were male with a median age of 50 y. Stage 
distribution was as follow: T1 (n=2), T2 (n=5), T3 (n=2), N1 (n=2), N2 (n=7), IIB (n=2), and III (n=7). The epicenter of the tumor was tonsil in 6 
patients and base of tongue in 3 patients. The baseline 18F-FMISO scans showed a heterogeneous distribution of hypoxia in the primary site in 3 
patients (no uptake in the other 6 patients), and in metastatic nodes in 5 patients (no nodal uptake in the other 4 patients). Only one of the 3 
patients with hypoxia in the primary site on pre-treatment 18F-FMISO PET/CT also showed persistent hypoxia on the repeat 1 week scan. 
Conversely, 3 of the 5 patients with hypoxia in metastatic nodes on pretreatment scan showed persistent hypoxia on the one week repeat 18F-
FMISO PET/CT.(Figure 1).  Conclusions:  The preliminary findings seem to suggest that resolution of tumor hypoxia can be observed as early 
as 1 week into chemoradiotherapy on 18F-FMISO PET/CT. This information may potentially help in early risk stratification, whereby patients 
with persistent hypoxia may require more intense treatment, or conversely less intense treatment may be considered in patients showing early 
resolution of tumor hypoxia. More patients with longer follow-up are needed to confirm and further explore these preliminary findings. 
Author Disclosure Block:   N. Lee: None. R. Bartlett: None. M. Lian: None. M. Fury: None. E. Sherman: None. R. Wong: None. P.B. 
Zanzonico: None. H. Schöder: None. J. Humm: None. 

139 Myeloid-Derived Suppressor Cell and Regulatory T Cell Immune Monitoring of Soft Tissue Sarcoma Patients Undergoing 
Combination External Beam Radiation and Intratumoral Dendritic Cell Vaccination 
C. D. Iclozan, M. J. Cotter, R. Ramakrishnan, B. C. Lenox, M. M. Bui, G. D. Letson, S. J. Antonia, D. I. Gabrilovich, S. E. Finkelstein, Moffitt 
Cancer Center, Tampa, FL 

Background: Immune suppressive myeloid cells (MDSC) and regulatory lymphocytes (Treg) may play an important role in the inhibition of 
immune responses in cancer patients.  Purpose/Objective(s): To describe detailed immunologic monitoring of MDSC and Treg in 18 patients 
with T2N0M0, high-grade soft tissue sarcomas (STS) undergoing phase I/II trial of external beam radiation therapy (EBRT) coordinated with 
investigational autologous dendritic cells (DC) immunotherapy.  Materials/Methods: 5040/180 cGy EBRT and DC was performed according to 
standardized GMP laboratory procedures (DC progenitor apheresis, ex-vivo expansion and culture, and 4 intratumoral injections of 10 million 
DC). Immunologic monitoring included peripheral blood mononuclear cells (PBMC) phenotyping by multicolor flow cytometry for evaluating 
proportions of CD11b+CD14-CD33+ MDSC and CD4+CD25+Foxp3+ Treg. Immune responders were defined as patients induced to produce 
significant anti-autologous tumor associated antigen (TAA) immune responses determined via ELISPOT assays on patients’ PBMC. To further 
assess correlation between MDSC or Treg level and immune responses to TAA, patients were split into: 1) patients who had MDSC or Treg 
proportion within 95% confidence interval (CI) of healthy control during or after the treatment; and 2) patients who had increased level of 
inhibitory MDSC or Treg during or after the treatment.  Results: After EBRT and DC treatment (8-10 weeks), the proportions of MDSC in non-
responder patients were significantly higher (p<0.05) than in responder patients (similar to control healthy volunteers). Of 7 patients with MDSC 
proportion within 95% CI of control group, 6 had developed immune response to TAA. Out of 8 patients with elevated level of MDSC only 1 had 
developed immune response (p=0.01). Proportions of Treg were slightly increased in responder patients but not significant.  Conclusions: 
Immunologic monitoring suggests significant differences in MDSC in a phase I/II trial of high-risk soft tissue sarcoma patients undergoing 
external beam radiation and intratumoral dendritic cell vaccination. Combined radiation/immunotherapy trials will further examine the role of 
MDSC and regulatory lymphocytes. 
Author Disclosure Block:   C.D. Iclozan: None. M.J. Cotter: None. R. Ramakrishnan: None. B.C. Lenox: None. M.M. Bui: None. G.D. 
Letson: None. S.J. Antonia: None. D.I. Gabrilovich: None. S.E. Finkelstein: None. 

140 miRs as Novel Targets of Radiation-Induced Fibrosis 
B. A. Simone1,2, D. Ly2, J. E. Savage2, S. M. Hewitt2, U. Shankavaram2, T. D. Dan2, K. Ylala2, J. B. Mitchell2, N. L. Simone2,3, 1Touro College of 
Osteopathic Medicine, New York, NY, 2National Cancer Institute, Bethesda, MD, 3Jefferson University Hospital, Philadelphia, PA 

Purpose/Objective(s):  Although ionizing radiation plays a critical role in treating cancer, radiation-induced fibrosis can have a devastating 
impact on surviving cancer patients’ quality of life. In order to combat this, the exact mechanism behind radiation-induced fibrosis must be 
elucidated. microRNAs (miRs) are small noncoding RNAs that have been implicated in the regulation of many biological processes. We 
hypothesized that miRs may have a role in radiation mediated fibrosis and that these miRs may lead to more efficient and targeted therapies to 
stop or reverse the process.  Materials/Methods:  The right hind legs of 9-week old CH3 mice were irradiated to a 35Gy single fraction dose and 
the left leg served as an unirradiated control. Fibrosis was quantified based on measurements of right leg length as compared to the control leg 
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length. Leg tissue was collected at one hour, 14 days, 50 days, 90 days and 120 days post-radiation and total RNA was extracted for miR 
microarrays. RT-PCR was used to confirm the changes in expression of significantly changed miRs noted in the microarray. In silico analysis 
was used to determine potential downstream targets and the expression of c-Met was therefore determined by ELISA. Findings were then 
confirmed in vitro using 2 cell lines: HCT116 and 1522. The cell lines were exposed to the stressors ionizing radiation and doxorubicin to induce 
miR changes and miR expression and the downstream targets were evaluated. In vitro transfections were done with pre-miR and anti-miR to 
confirm the relationship between miR and downstream target.  Results:  By 120 days post-radiation, the irradiated legs were 20% shorter on 
average as compared to the control legs. Fibrosis was noted on both gross and histologic examination using a pentachrome stain. miR microarrays 
yielded 4 miRs with significant changes: miR-15a, miR-21, miR-30a and miR-34a. RT-PCR confirmed the changes in expression of these 4 miRs 
at successive time points as compared to the day 0 time point. miR-21 and miR-34a were chosen as candidate miRs to evaluate the impact of miR 
changes. In silico analysis showed c-Met and TGF-β, molecules known to be associated with fibrosis, as possible downstream targets of miR-34a 
and miR-21, respectively. ELISA results both in vivo and in vitro for c-Met and TGF-β depicted an inverse relationship with their corresponding 
miRs. Those proteins may be one way miR-34a and miR-21 contribute to fibrosis. The transfection experiments using both pre-miR and anti-miR 
further confirm the relationship between miR-34a and c-Met and miR-21 and TGF-β.  Conclusions: Our model of radiation induced fibrosis 
reveals that miRs play an important role in this process and should be considered molecular targets for therapy. In particular, miR-34a and miR-
21 should be investigated as targets that can be modulated to prevent this devastating side effect. 
Author Disclosure Block:   B.A. Simone: None. D. Ly: None. J.E. Savage: None. S.M. Hewitt: None. U. Shankavaram: None. T.D. Dan: 
None. K. Ylala: None. J.B. Mitchell: None. N.L. Simone: None. 

141 The Opportunity for Comparative Oncology Research in Radiation Oncology 
I. Gordon, K. Camphausen, Nat'L Cancer Institute, Bethesda, MD 

Purpose/Objective(s): It is estimated that there are approximately 100 million pet dogs and cats in the United States and 6 million cancer 
diagnoses made in each species annually. The tumors that develop in these animals share many features with human cancers that are difficult to 
faithfully model in the laboratory. These features include development of a tumor in an immune competent, syngeneic host with similar 
environmental risk factors to humans. These cancers are treated with similar modalities to human patients including surgery, chemotherapy, 
radiation, and biologically targeted agents. They display typical deadly features of human cancers including treatment resistance, tumor 
recurrence, and metastasis. Comparative oncology involves studying the tumors in these animals to better understand cancer risk factors and 
biomarkers, examine genetic determinants of cancer predispositions, and to evaluate novel therapeutic and imaging strategies 
Comparative oncology is being increasingly used to answer questions about conventional and targeted drug development but has been used much 
less frequently in radiation oncology. Resources including validated antibodies, microarray platforms, and comparative oncology infrastructure 
have increased the scope of questions that can be addressed in animal clinical trials. There are now over 70 radiation facilities in North America 
dedicated to treatment of companion animals. Dogs are known to have many radiobiologic similarities to humans and pet animals undergoing 
radiotherapy receive fractionated protocols that are similar to definitive and palliative radiation protocols used in people as well as stereotactic 
radiosurgery at some facilities. The evaluation of agents intended to provide normal tissue protection without tumor protection or agents which 
are synergistic or synthetically lethal in combination with radiation are well suited to utilize comparative oncology to answer complex questions. 
Because clinical trials in animals are not constrained by traditional trial designs (i.e. phase 1, 2, and 3), the opportunity to evaluate an 
investigational radiation modifying drug in an animal radiation clinical trial is available much earlier in the drug development process. Clinical 
trials involving such agents in combination with radiation could be performed at a fraction of the cost of human clinical trials and can provide 
important information on the optimal use, dose, and schedule of agents moving into or through human clinical trials. In addition, studies that 
involve correlation of multiple samples collections, biopsies and imaging endpoints can be incorporated into such animal clinical trials to 
establish or confirm a mechanism of action, supporting further development. 
Author Disclosure Block:   I. Gordon: None. K. Camphausen: None. 

142 Implantable Resonators for EPR Oximetry of Deep Tumors 
B. B. Williams, H. Hou, L. A. Jarvis, E. Y. Chen, H. M. Swartz, Dartmouth Medical School, Hanover, NH 

Purpose/Objective(s): The oxygen level in solid tumors is an extremely important parameter that affects malignant progression and response to 
therapy. Electron paramagnetic resonance (EPR) oximetry has been shown in animal models and initial clinical measurements to be an effective 
method to measure oxygen in tissues directly, repeatedly, and non-invasively following an initial introduction of a paramagnetic EPR reporter 
material. Based on this unique combination of abilities, EPR oximetry has the potential to improve clinical outcomes by providing information to 
better guide the development and application of multi-modal therapies, to increase the therapeutic efficacy of an individual’s treatment course, 
and to evaluate the clinical use of indirect oxygenation measurements provided by other modalities. However, the existing EPR approach is 
limited to superficial tumors due to non-resonant losses of the radiofrequency energy in tissue. Additionally, India ink is the only existing 
clinically applicable oximetric material and its very broad EPR spectrum limits detection sensitivity. In order to overcome these limitations, while 
retaining the advantages of the traditional EPR approach, we have developed implantable resonators.  Materials/Methods: Implantable 
resonators are made from copper wire that is formed into a coupling loop that is connected by lengths of twisted wire to one or more sensing 
loops that contain oxygen-sensitive paramagnetic material, such as lithium phthalocyanine. These entire structures are embedded within 
biocompatible material such as Teflon. The resonators can be installed via a simple needle-based procedure, with the coupling loops placed just 
under the skin and sensing loops directed into the tissue of interest. In vivo oximetry measurements with implantable resonators were performed 
in rodent and pig models at several clinically relevant sites, including the brain, to evaluate their performance characteristics and potential for 
clinical use.  Results: Preliminary results confirm that this approach is feasible and confers the desired advantages. The resonators are quite 
small, flexible, and non-perturbing and provide excellent oximetric EPR signals at virtually any depth.  Conclusions: While to date implantable 
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resonators have only been demonstrated in animal model systems, these benefits are expected to translate directly into applications in human 
subjects and allow measurements of deep-seated tumors. These developments will provide an innovative solution to a crucial clinical need that 
has previously been unmet: to measure tumor oxygenation daily or even multiple times daily to optimize radiation delivery at times of maximal 
oxygenation. This tool will be especially useful when combining radiation with anti-angiogenic agents or agents targeting hypoxic regions of 
tumors. 
Author Disclosure Block:   B.B. Williams: None. H. Hou: None. L.A. Jarvis: None. E.Y. Chen: None. H.M. Swartz: None. 

143 Characterisation of F98 Glioma Cells Migration Implanted in Irradiated Brain of Fischer Rat  
B. Paquette1, G. Desmarais1,2, R. Bujold2, D. Mathieu2, D. Fortin2, 1Université de Sherbrooke, Sherbrooke, QC, Canada, 2Centre hospitalier 
universitaire de Sherbrooke, Sherbrooke, QC, Canada 

Purpose/Objective(s): Glioblastoma multiform (GBM) are known to be a highly radioresistant tumour subtype. Migration and proliferation of 
GBM cells are frequently observed in the previously irradiated brain volume. In this study, we have characterized the effects of brain irradiation 
on the migration properties of the glioma cells F98 implanted in the brain of Fischer rat.  Material/Methods: Fischer rats implanted with the F98 
GBM were divided in five groups: 1) brain irradiated with a Gamma-knife (15 Gy) prior implantation of F98 cells, 2) F98 cells irradiated at a 
dose equivalent to their LD50 (2.3 Gy) prior to implantation, 3) both brain and F98 cells irradiated prior implantation, 4) irradiation of F98 tumor 
10 days after the implantation, 5) control group, no irradiation before or after implantation. Fifteen days after implantation of the F98 cells, the 
animals were euthanized, and the brains removed. Volume of the primary tumour and migration of the F98 cells were assessed by histology. The 
level of matrix metalloproteinase (MMP-2) expression, a protease required to digest the extracellular matrix, was analysed by zymography gel. 
Expression of the cyclooxygenase-2 (COX-2) was evaluated by a semi-quantitative PCR (qPCR), while the prostaglandin E2 (PGE2) was 
measured by chromatography coupled with tandem mass spectroscopy.  Results: Coronal hematoxylin/eosin microscopy slides of brain 
demonstrated that irradiation (15 Gy) of brain prior to tumour implantation increased by 45% the invasive surface through the brain and doubled 
the migration distances of these cancer cell satellites. Most of these migrating cells expressed the protein Nestin, a marker of brain cancer stem 
cell. The enhancement of F98 cells migration was accompanied by reduction of the primary tumour volume. The overall survival of these 
irradiated rats implanted with the F98 glioma cells has been decreased by 6 days, compared to non irradiated rat implanted with the same tumour 
cells. Conversely, irradiation of F98 cells prior to implantation in the brain did not affect their invasive properties. Supporting the role of the 
irradiated brain in the enhancement of cancer cell migration, the expression of MMP-2 was increased by 2-fold in the irradiated brain. This 
enhancement cancer cell migration was also associated to an elevated expression of COX-2 and by a 3-fold increase of its major product the 
PGE2. We are currently testing whether a selective COX-2 inhibitor could prevent radiation-enhancement of brain cancer cell migration. 
Conclusion: An inflammation induced in the brain by radiation has reduced the proliferation of F98 glioma cell in the primary tumour and 
stimulated their migration. 
Author Disclosure Block:   B. Paquette: None. G. Desmarais: None. R. Bujold: None. D. Mathieu: None. D. Fortin: None. 

144 Targeting The Sonic Hedgehog Signalling Pathway Modulates Stem Cells In Non-small Cell Lung Cancer 
I. Csiki, F. Desai, C. Martyn, D. Gius, D. Carbone, Vanderbilt University, Nashville, TN 

Introduction: About 25% of all human tumors require Sonic Hedgehog (SHH) signaling to maintain tumor cell viability and drive tumor growth 
and constitutive SHH signaling is frequent in non-small cell lung cancer (NSCLC). In the cancer stem cell model, SHH signaling is important for 
the maintenance of these putative cancer stem cells. SHH inhibition may deplete this tumorigenic population and may have significant 
radiosensitizing effects. In addition, an interaction between EGFR and SHH pathway in NSCLC is postulated. Our studies focus on NSCLC cells 
with wild type and mutant EGFR as well as a subpopulation of lung cancer cells with elevated aldehyde dehydrogenase (ALDH) activity to select 
cells with stem cell-like features. Our hypothesis is that inhibition of the SHH signaling pathway by IPI-926, a small molecule inhibitor of Smo, 
key factor in the SHH pathway will have significant radiosensitizing effects on the stem cell-like population and may overcome resistance to 
EGFR inhibition in select EGFR mutant cells.  Methods/Results: An expression array of 249 human cancer cell lines showed differential 
expression of a Shh-Gli gene signature and increased expression of Shh and Gli was noted by immunocytochemistry in lung cancer cell arrays 
showing active HH signaling. SHH pathway activity and its modulation via IPI-926 in wild-type and EGFR mutant NSCLC was examined via 
western blotting and real-time RT-PCR. Several NSCLC cell lines treated with IPI-926 and radiation demonstrated decreased colony formation in 
soft agar as well as decreased colony formation in clonogenic assays. When evaluating CSC-like properties of ALDH+ cells in lung cancer cells, 
sorted ALDH+ cells demonstrated enhanced colony formation compared to ALDH- cells. Lung cancer cells treated with chemotherapeutic agents 
exhibited a 2-3 fold increase in the fraction of ALDH+ cells which showed enhanced radioresistance. Treatment with IPI-926 significantly 
decreased the selective enrichment of stem cell-like population among the tumor cells after radiation treatment and furthermore, ALDH+ cells 
exhibited increased radiosensitization.  Conclusions: The stem-cell like population in NSCLC is not directly targeted by standard 
chemotherapeutic and radiotherapeutic approaches however targeting of the SHH pathway via inhibition of Smo may be an effective treatment 
approach to improve patient survival. 
Author Disclosure Block:   I. Csiki: None. F. Desai: None. C. Martyn: None. D. Gius: None. D. Carbone: None. 
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